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PLAGE. 


DATB. 


ANCB. MEMBKR8. 


]. 


Philadelphia 


Sept. 20, 1848 


? 


461 


2. 


Cambridge 


Aug. 14, 1849 


? 


640 


8. 


Charleston 


Mar. 12, 1860 


? 


698 


4. 


New HaTen 


Aug. 10, 1850 


? 


704 


6. 


Cincinnati 


May 5, 1861 


87 


800 


K. 


Albany 


Aug. 19, 1861 


194 


769 


7. 


Cleveland 


July 28, 1868 


? 


940 


8. 


Washington 


April 26, 1864 


168 


1004 


9. 


Providence 


Aug. 16, 1866 


166 


606 


10. 


2nd Albany 


Aug. 20, 1866 


381 


799 


11. 


Montreal 


Aug. 12,1867 


361 


946 


19. 


Baltimore 


April 28, 1858 


190 


962 


18. 


Springfield 


Aug. 8, 1868 


190 


862 


14. 


Newport 


Aug. 1, 1860 


136 


644 


18. 


Buffalo 


Aug. 16,1866 


79 


687 


16. 


Bnrlinglon 


Aug. 21, 1867 


73 


416 


17. 


Chicago 


Aug. 6, 1868 


259 


686 


18. 


Salem 


Aug. 18,1869 


244 


611 


19. 


Troy 


Aug. 17,1870 


188 


5:W 


10. 


Indianapolis 


Aug. 16,1871 


196 


666 


21. 


Dubuque 


Aug. 16' 1872 


164 


610 


93. 


Portland 


Aug. 20, 1873 


195 


670 


93. 


Hartford 


Aug. 12,1874 


224 


722 


94. 


Detroit 


Aug. 11,1876 


166 


807 


96. 


2nd Buffalo 


Aug. 23,1876 


215 


867 


96. 


Nashville 


Aug. 29,1877 


173 


968 


97. 


St. Louis 


Aug. 21, 1878 


134 


962 


28. 


Saratoga 


Aug. 27, 1879 


266 


1030 


98. 


Boston 


Aug. 26, 1880 


997 


1555 


30. 


2iid Cincinnati 


Aug. 17, 1881 


500 


1699 


31. 


2nd Montreal 


Aug. 23, 1882 


937 


1922 


39. 


Minneapolis 


Aug. 15,1883 


328 


2033 


38. 


2nd Philadelphia 


Sept. 3, 1884 


1261* 


1981 


34. 


Ann Arbor 


Aug. 26, 1885 


364 


19.V) 


36. 


8d Buffalo 


Aug. 18, 1886 


446 


1886 


36. 


New York 


Aug. 10, 1887 


72» 


195'i 


37. 


2nd Cleveland 


Aug. 14, 1888 


342 


1964 


38. 


Toronto 


Aug. 26, 1S89 


421 


1052 


89. 


.2d Indianapolis 


Aug. 19,1890 


364 


1944 


40. 


2d Washington 


Aug. 19,1891 


653t 


20^4 


41. 


Rochester 


Aug. 17, 1892 


456 


2037 


49. 


Madison 


Aug. 17,1893 


290 


1939 


43. 


Brooklyn 


Aug. 15.1894 


488 


1802 


44. 


2d Springfield 


Aug. 28,1895 


3BS 


1913 


46. 


4th Buffalo 


Aug. 24, 189G 


3;i'i 


1890 



•Including members of the British Association and other loreiKn guests. 
flncluding twenty.four Foreign Honorary members for the meeting. 
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OFFICERS OF THE MEETINGS OF THE ASSOCIATION. 



[Thenamber before the name is that of the meeting; the year of the 
meeting follows the name ; the asterisk after a name indicates that the 
member is deceased.] 

PRESIDENTS. 



1. r Wm. B. Rogers,* 1848. 26. 
I W. C. Rkdfibld,* 1848. 27. 

2. JOSRPH HiENRY,* 1849. 28. 
8, 4, 6. A. D. Bache,* March meet- 29. 

Ing, 1850, in absence of Jo- 30. 
SEPH Hknry.* August meet- 31. 
ing, 1850. May meeting, 1851. 32. 

6. Louis Agassiz,* August meet- 38. 

ing, 1851. 34. 

(No meeting in 1852). 35. 

7. Benjamin Pierce,* 1853. 36. 

8. James D. Dana,* 1854. 37. 

ToRREY,* 1855. 38. 

10. James Hall, 1856. 39. 

11, 12. Alexis Caswell,* 1857, in 40. 

place of J. W. Bailey,* de- 41. 

ceased. 1858, in absence of 42. 

Jeffries Wyman.* 43. 

18. Stephen Alexander,* 1859. 44. 

14. Isaac Lea,* 1860. 45. 

(No meetings for 1861-65). 46. 

16. F. A. P. Barnard,* 1866. 

16. J. S. Newberry,* 1867. 

17. B. a. Gould,* 1868. 

18. J. W. Fosfer,* 1869. 

19. T. Sterry Hunt,* 1870, in the 

absence of Wm.Chauvenet.* 

20. Asa Gray,* 1871. 

21. J. Lawrence Smith,* 1872. 

22. Joseph Lovering,* 1873. 

23. J. L. LeConte,* 1874. 

24. J. E. HiLOARD,* 1875. 

25. William B. Rogers,* 1876. 

(xii) 



Simon Nbwcomh, 1877. 
O. C. Marsh, 1878. 
G. F. Barker, 1879. 
Lewis H. Morgan,* 1880. 
G. J. Brush, 1881. 
J. W. Dawson. 1882. 
C. A. Young, 1883. 
J. P. Lesley, 1884. 
H. A. Newton,* 1885. 
Edward S. Morse, 1886. 
S. P. Langley, 1887. 
J. W. Powell, 1888 
T. C. Mendenhall, 1889. 
G. Lincoln Goodalk, 1890. 
Albert B Prescott, 1891. 
Joseph LeConte, 1892. 
William Hakkness, 1893. 
Daniel G. Brinton, 1894. 
E. W. Morley, 1895. 
Edward D. Copk, 1896. 
Wolcott Gibbs, 1897. 
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Xllt 



VICE PRESIDENTS. 
There were no Vice Presidents until the 11th meeting when there was a 
single Vice President for each meeting. At the 24th meeting the Associa- 
tion met In Sections A and B, each presided over by a Vice President. At 
the 3 1st meeting nine sections were organized, each with a Vice President 
as its presiding officer. In 1886, Section G (Microscopy) was given up. 
In 1892, Section F was divided Into F, Zoology; G, Botany. 

1867-1874. 

Charles Whiti'lesey,* 1868. 

Ogdbn N. Rood, 1869. 

T. Sterry Hunt,* 1870, acted 

as President. 
G. F. Barker, 1871. 
Alexander Winchbll,* 1872. 
A. H. Worthen,* 1873, not 

present. 
C. S. Lyman,* 1874. 



11. 


Alexis Caswell,* 1867, acted 


17. 




as President. 


18. 


12. 


John E. Holbrook,* 1868, not 
present. 


19. 


18. 


Edward Hitchcock,* 1859. 


20. 


14. 


B. a. Gould,* 1860. 


21. 


16. 


A. A. Gould,* 1866, in absence 


22. 




of R. W. GiBBES. 




16. 


Wolcott Gibbs, 1867. 


28. 



1876-1881. 



Section A. ^Mathematics, Physics 

and Chemistry. 24. 

H. A. Newton,* 1875. 26. 

C. A. Young, 1876. 26. 

R. H. Thurston, 1877, in the 27. 

absence of E. C. Pickering. 28. 
R. H. Thurston, 1878. 29. 

S. P. Langley, 1879. 30. 

Asaph Hall, 1880. 
William Harkness, 1881, in 

the absence of A. M. Mayer 



24. 
26. 



27. 
28. 
29. 
SO. 



Section B.— Natural History* 
J. W. Dawson, 1876. 
Edward S. Morse, 1876. 
O. C. Marsh, 1877. 
Aug. R. Grotk, 1878. 
J. W. Powell, 1879. 
Alexander Agassiz, 1880. 
Edward T. Cox, 1881, in the 
absence of George Engel- 

MANN.* 



Chairmen of Subsections, 1875-1881. 



94. 
95. 
96. 
97. 



29. 



Subsection of Chemistry, 

8. W. Johnson, 1875. 
G. F. Barker, 1876. 
N. T. LUFTON,* 1877. 
F. W. Clarke, 1878. 
F. W. Clarke, 1870, in the absence 

of Ira Remsbn. 
J. M. ORDWAY, 1880. 
G.C. Caldwell, 1881, in the absence 

of w. R. Nichols.* 



Subsection of Microscopy. 

2S. R. H. Ward, 1876. 

96. B. H. Ward, 1877. 

97. R. H. Ward, 1878, in the absence of 

G. 3. Blagkie.* 



28. E. W. MORLEY, 1879. 

29. S. A. Lattimore, 1880. 
SO. A.B. Hervey, 1881. 

Subsection of Anthropo logy. 

24. Lewis H. Morgan,* 1875. 

25. Lewis H. Morgan,* 1876. 

26. Daniel Wilson,* 1877, not present.. 

27. United with Section B. 

28. Daniel Wilson,* 1879. 

29. J. W. Powell, 1880. 

30. Garrick Mallery,* 1881. 

Subsection of Entomology. 
80. J.G.Morris, 1881. 
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81 



32 
83, 
34. 



85 



37. 
38. 
89. 
40. 
41. 
42. 

43. 
44. 

45. 



46. 



Vice Presidents of 
Section A. —Mathematics and 

Astronomy. si 

W. A. Rogers, 1882, in the 82. 

absence of William Hark- 33. 

NESS. 34. 
W. A. Rogers, 1883. 

H. T. Eddy, 1884. 35. 

WiLUAM Harkness, 1885, In 36. 

the absence of J. M. Van 37. 

Vleck. 88. 

J. W. GiBBS, 1886. 39. 

J. R. Eastman, 1887, in place 40. 

of W. Ferrel,* resigned. 41. 

Ormond Stone, 1888. 42. 

R. S. Woodward, 1889. 48. 

S. C. Chandler, 1890. 44. 

E. W. Hyde, 1891. 45. 

J. R. Eastman, 1892. 46. 
C. L. Doolittle, 1893. 
r G. C. COMSTOCK, 1894. 

^ Edgar Frisby, 1894. 
Edgar Frisby, 1895, in place 

of E. H. Holdbn, resigned. 
Alkx. Macfarlanb, 1896 in 

place of Wm. E. Story, re- 81. 

signed. 32. 
W. W. Beman, 1897. 



Sections, 1882- 

Section C— Chemistry, 
. H. C. Bolton, 1882. 
. E. W. Morley, 1883. 
. J. W. Langley, 1884. 
. N. T. Lupton,* 1886, in absence 
of W. R. Nichols.* 

H. W. Wiley, 1886. 

A. B. Prescott, 1887. 

C. E. MuNKOE, 1888. 

W. L. Dudley, 1889. 

R. B. Warder, 1890. 

R. C. Kedzie, 1891. 

Alfred Springfji, 1892. 

Edward Hart, 1893. 

T. H. Norton, 1894. 

Wm. McMurtrik, 1896. 

W. A. NOYES, 1896. 

W. P. Mason, 1897. 







33. 




JS'ection B,— Physics. 


34. 


81. 


T. C. Mbndenhall, 1882. 


35. 


82. 


H. A. Rowland, 1883. 


36. 


83. 


J. Trowbridge, 1884. 


37. 


34. 


S. P. Langley, 1886, in place 


38. 




of C. F. Brackett, resigned. 


39. 


36. 


C. F. Brackett, 1886. 




86. 


W. A. Anthony, 1887. 




37. 


A. A. Michelson, 1888. 


40. 


38. 


H. S. Carhart, 1889. 


41. 


39. 


Clkvkland Abbk, 1890. 


42. 


40. 


F. E. NiPHER, 1891. 


48. 


41. 


B. F. Thomas, 1892. 


44. 


42. 


E. L. Nichols, 1893. 


45. 


43. 


Wm. a. Rogers, 1894. 


46. 


44. 


W. LeConte Stevens, 1896. 




46. 


Carl Leo Mees, 1896. 




46. 


Carl Barus, 1897. 





Section D.— Mechanical Science 
and Engineering. 
W. P. Trowbridge,* 1882. 

De Volson Wood, 1883, ab- 
sent, bat place was not filled. 

R: H. Thurston, 1884. 

J. BuRKiTT Webb, 1885. 

O. Chanute, 1886. 

E. B. CoxE, 1887. 

C. J. H. Woodbury, 1888. 

Jabces E. Dknton, 1889. 

Jambs £. Denton, 1890, in 
place of A. Beardslby, ab- 
sent. 

Thomas Gray, 1891. 

J. B. Johnson, 1892. 

S. W. Robinson, 1898. 

Mansfield Meriuman, 1894. 

William Kent, 1896. 

Frank O. Marvin, 1896. 

John Galbkaith, 1897. 
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XV 



Vice Presidents of Sections, continued. 



Section E.— Geology and QeogTaph%. 

81. E. T. Cox» 1882. 

32. C. H. Hitchcock, 1883. 

S3. N, H. WiNCHELL, 1884. 

34. Edward Orton, 1885. 

35. T. C. ClIAMBERLIN, 1886. 

36. G. K. Gilbert, 1887. 

37. Gbokge H. Cook,* 1888. 

38. CHARLK8 A. White, 1889. 

39. John C. Branner, 1890. 

40. J. J. Stevenson, 1891. 

41. H. 8. Williams, 1892. 

42. Charles D. Walcott, 1893. 

43. Samuel Calvin, 1894. 

44. Jed. Hotchkiss, 1895. 

45. B. K. Emerson, 1896. 

46. I. C. White, 1897. 

Section F.^ Biology. 

31. W. H. Dall, 1882. 

32. W. J. Beal, 1883. 

33. E. D. Cope, 1884. 

34. T. J. BuRitiLL, 1885, in the ab- 

sence of B. G. Wilder. 

35. H. P. BowDiTCH, 1886. 

36. W. G. Farlow, 1887. 

37. C. V. Riley,* 1888. 

38. George L. Good ale, 1889. 

39. C. S. MiNOT, 1890. 

40. J. M. Coulter, 1891. 

41. S. H. Gage, 1892. 

Section F.~ Zoology. 

42. Henrt F. Osborn, 1893. 

43. J. A. LiNTNEK, 1894, in place 

of S. H. ScuDDER, resigned. 

44. L. O. Howard, 1895, in place 

of 1). S. Jordan, resigned. 

45. Theo. Gill, 1896. 

46. G. Brown Goode,* 1897. 

Section G.— Microscopy. 
81. A. H. TUTTLE, 1882. 
32. J. D. Cox, 1883. 

83. T. G. WORMLEY, 1884. 

84. S. H. Gage, 1885. 
(Section united with F in 1886.) 



Section O,— Botany. 
42. Charles E. Bessey, 1893 
^„ f L. M. Underwood, 1894. 

\ C. E. Bkssey, 1894. 
44. J. C. Arthur, 1895. 
46. N. L. Britton, 1896. 
46. G. F. Atkinson, 1897. 

Section H. — Anthropology. 

31. Alexander Winchell,* 1882. 

32. Otis T. Mason, 1883. 

33. Edward S. Morse, 1884. 

34. J. OwKN Dorse y,* 1885, in 

absence of W. H. Dall. 

35. Horatio Hale, 1886. 

36. D. G. Brinton, 1887. 

37. Charles C. Abbott, 1888. 

38. Garrick Mallery,* 1889. 

39. Frank Baker, 1890. 

40. Joseph Jastrow, 1891. 

41. W. H. Holmes, 1892. 

42. J. Owen Dorsey,* 1893. 

43. Franz Boas, 1894. 

44. F. H. Gushing, 1895. 

45. Alice C. Flktcher, 1896. 

46. W J McGer, 1897. 

Section I. — Economic Science and 
Statistics. 

31. E. B. Elliott,* 1882. 

32. Franklin B. Hough,* 1883. 

33. John Eaton,* 1884. 

34. Edward Atkinson. 1885. 

35. Joseph Cummings,* 1886. 

36. H. E. Alvord, 1887. 

37. Charles W. Smiley, 1888. 

38. Charles S. Hill, 1889. 

39. J. Richards Dodge, 1890. 

40. Edmund J. James, 1891. 

41. Lester F. Ward, 1892, in 

place of S. Dana Horton,* 
resigned. 

42. WiiJUAM H. Brewer, 1893. 

43. Henry Farquhar, 1894. 

44. B. B. Fernow, 1895. 

45. W. L. Lazenby, 1896. 

46. R. T. COLBURN, 1897. 
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OFFICKRS OF THE MEETINGS OF THE ASSOCIATION. 



SECRETARIES. 



General Secretaries, 1848- 

1. Walter R. Johnson,* 1848. 

2. Eben N. Horsford,* 1849, in 

the absence of Jeffries 
Wyman.* 
S. L. R. GiBB8, 1850, in absence, 
of E. C. Herrick.* 

4. E. C. Hbrrick,* 1860. 

5. William B. Rogers,* 1861, in 

absence of E. C. Herrick.* 

6. William B. Rogers,* 1861. 

7. S. St. John,* 1853, in absence 

of J. D. Dana.* 

8. J. Lawrence Smith,* 1854. 

9. Wolcott Gibbs, 1855. 

10. B. A. Gould,* 1856. 

11. John LeConte,* 1857. 

12. W. M. Gillespie,* 1858, in ab- 

sence of Wm. Chauvenet.* 
18. William Chauvenkt,* 1859. 
14. Joseph LeContk, 1860. 

16. Elias Loomis,* 1866, In the ab- 

sence of W. P. Trowbridge* 
le. C. S Lyman,* 1867. 

17. Simon Newcomb, 1868, in 

place of A. P. Rockwell, 
called home. 

18. O. C. Marsh, 1869. 

19. F. W. Putnam, 1870, in ab- 

sence of C. F. Hartt.* 

20. F. W. Putnam, 1871. 

21. Edward S. Morse, 1872. 

22. C. A. Whitk, 1873. 

23. A. C. Hamlin, 1874. 

24. S. H. SCUDDKR, 1876. 

26. T. C. Mendknhall, 1876. 

26. AUG. K. Grote, 1877. 

27. H. C. Bolton, 1878. 

28. H. C. BOLTOX, 1879, in the ab- 

sence of George Little. 

29. J. K. Rees. 1880. 
80. C. V. Riley,* 1881. 

31. William Saunders, 1882. 

32. J. R. Eastman, 1883. 

33. Alfred Springer, 1884. 

34. C. S. Minot, 1885. 

ri6^ 



35. S. G Williams, 1886. 

36. William H. Pettee, 1887. 

37. Julius Pohlman, 1888. 

38. C. Leo Mees, 1889. 

39. H. C. Bolton, 1890. • 

40. H. W. Wn.EY, 1891. 

41. A. W. Butler, 1892. 

42. T. H. Norton, 1893. 

43. H. L. Fairchild. 1894. 

44. Jas. Lewis Howe, 1895. 
46. Charles R.Barnes, 1896. 
46. A. Hall, jr., 1897. 

Permanent Secretaries, 1851- 
5-7. Spencer F. Baird,* 1851-3. 
8-17. Joseph Lovbring,* 1854-68. 
18. F. W. Putnam, 1869, in the- 
absence of J. Lovering.* 
19-21. Joseph LovKRiNG,* 1870-72. 
22-23. F. W. Putnam, 1873-74. 
24-28. F. W. Putnam, 1875-79. 
29-33. F. W. Putnam, 1880-84. 
34-38. F. W. Putnam, 1885-89. 
39-43. F. W. Putnam, 1890-94. 
44-48. F. W. Putnam, 1895-99. 



Assistant General Secretaries, 
1882-1887. 
J. R. Eastman, 1882. 
Alfred Springer, 1883. 

C. S. Minot, 1884, in the ab- 
sence of E. S. HOLDEN. 

S. G. Williams, 1885, in the- 

absence of C. C. Abbott. 
W. H. Pettee, 1886. 
J. C. Arthur, 1887. 

Secretaries of the CounciU 1888- 
37. C. Leo Mees, 1888. 
H. C. Bolton, 1889. 
H. W. Wiley, 1890. 
A. W. Butler, 1891. 
T. H. Norton, 1892. 
H. Lkroy Fairchild, 1893. 
Jas. Lewis Howe, 1894. 
Charles R. Barnes, 1895. 
Asaph Hall, jr., 1896. 

D. S.Kellicott, 1897. 



81. 
32. 
33. 

34. 

35. 
36. 



38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
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Secretaries of Section A, — Mathemat- 
ics, Physics and Chemistry, 1875-81. 



24. 

25. 
26. 
27. 
28. 
29. 
SO. 



r S. P. Lanolby, 1876. 
\ T. C. Mendenhall, 1875. 
A. W. Wright, 1876. 
H. C. Bolton, 1877. 
F. E. NiPHER, 1878. 
J. K. Rebs, 1879. 
H. B. Mason, 1880. 
E. T. Tappan, 1881, in the ab- 
sence of John Trowbridge. 



Secretaries of Section B, — Natural 
History, 1875-81. 

24. Edward S. Morse, 1875. 

25. Albert H. Tuttle, 1876. 

26. William H. Dall, 1877. 

27. George Little, 1878. 

28. William H. Dall, 1879, in 

the absence of A. C. Weth- 
rrbt. 

29. Charles V. Riley,* 1880. 

30. William Saunders, 1881. 



Secretaries of Subsections, 1875-81. 



Subsection of Chemistry, 

94. F. W. Clarke, 1875. 

«. H. C. Bolton, 1876. 

26. P. Schweitzer, 1877. 

57. A. P. 8. Stuart, 1878. 

58. W. B. Nichols,* 1879. 

98. C. E. MUNSOE, 1880. 
90. Alfred Spbinobr, 1881, in the ab- 
sence of R. B. Wardbb. 

Subsection of Entomology. 
90. B. P. Mann, 1881. 



Subsection of Anthropology. 

24. F. W. Putnam, 1875. 

25. Otis T. Mason, 1876. 

26. 27. United witb Section B. 

28, 29,30. J. G. Henderson, 1879-^. 

Subsection of Microscopy. 

25. E. W. MORLBY, 1876. 

26. T. O. SOMMERB, JR.. 1877. 

27. G. J. BnobLMANV, 1878. 

28. 29. A. B. Hervey, 1879-1880. 

SO. W. H. Seaman, 1881, in the absenoe 
ofS.P. Sharplks. 



Secretaries of the Sections, 1882- 



81. 
82. 

38. 
34. 
85. 
86. 
87. 
88. 
89. 
40. 
41. 
42. 

43. 

44. 



46. 

46. 



Section A. — Mathematics and 

Astronomy. 31. 
H. T. Eddy, 1882. 32. 
G. W. Hough, 1883, in the ab- 
sence of W. W. Johnson. 33. 
G. W. Hough, 1884. 34. 
. B. W. Hyde. 1885. 
. 8. C. Chandler, 1886. 35. 
. H. M. Paul, 1887. 86. 
C. C. DOOLITTLE, 1888. 37. 
G. C. CoMSTOCK, 1889. 38. 
W. W. Beman, 1890. 89. 
F. H. BiGELOW, 1891. 40. 
WmsLOW Upton, 1892. 41. 
C. A. Waldo, 1893, in the 42. 
absence of A. W. Phillips. 43. 
J. C. Ksbshner, 1894, in place 44. 
of W. W. Beman, resigned. 45. 
Asaph Hall, jr. , 1 895, In place 46. 

of E. H. Moore, resigned. 
Edwin B. Frost, 1896. 
J. McMahon, 1897. 



A. A. A. S. vol. XLV 



Section B. "Physics, 
C. S. Hastings, 1882. 
F. E. Nipher, 1883, in the ab- 
sence of C. K. Wead. 
N.'D. C. Hodges, 1884. 

B. F. Thomas, 1885, in place 
of A. A. MiCHELSON, resigned. 

H. S. Carhart, 1886. 

C. Leo Mees, 1887. 
Alex. Macfarlanb, 1888. 
E. L. Nichols, 1889. 

E. M. Avery, 1890. 
Alex. Macfarlanb, 1891. 
Brown Ayres, 1892. 
W. LeConte Stevens, 1898. 
B. W. Snow, 1894. 

E. MsRRrrT, 1895. 
Frank P. Whitman, 1896. 

F. Bedell, 1897. 
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SeCRBTABIBS OF THE SECTIONS, CONTINUED. 



Section C. — Chemistry. 

31. AI.FBED Springer, 1882. 

32. -f *^' ^* Langlky, 1883. 
I W. MCMURTRIE, 1883. 

33. H. Carmichael, 1884, In the 

absence of R. B. Warder. 

34. F. P. DUNNINGTON, 1885. 
36. W. McMuRTRiK, 1886. 

36. C. S. Mabery, 1887. 

37. W. L. Dudley, 1888. 

38. Edward Hart, 1889. 

39. W. A. NOYES, 1890. 

40. T. n. Norton, 1891. 

41. Jas. Lewis Howe, 1892. 

42. H. N. Stokes, 1893, in the ab- 

sence of J. U. Nef. 

43. MoRius LoEB, 1894, in place 

of S. M. Babcock, resigned 
^^ r W. P. Mason, 1895. 

\ W. O. Atwater, 1896. 
46. Frank P. Venable, 1896. 
46. P. C. Freer, 1897. 



Section D. — Mechanical Science and 
Engineering. 

81. J. BuRKiTT Webb, 1882, in the 
absence of C. R. Dudley. 

32. J. BuRKiTT Webb, 1883, pro 

tempore. 

33. J. BuRKiTT Webb, 1884. 

34. C. J. H. Woodbury, 1885. 

35. William Kent, 1886. 

36. G. M. Bond, 1887. 

37. Arthur Beardsley, 1888. 

38. W. B. Warner, 1889. 

39. Thomas Gray, 1890. 

40. WiLUAM Kent, 1891. 

41. O. H. Landreth, 1892. 

42. D. S. Jacobus, 1893. 

43. John H. Kinealy, 1894. 

44. H. S. Jacoby, 1895. 

45. John Galbraith, 1896. 

46. J. H. Flather, 1897. 
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Section E.— Otology and Geography. 

31. H. S. Williams, 1882, in the 

absence of C. E. Dutton. 

32. A. A. JuLEBN, 1883. 

33. £. A. Smith, 1884. 

34. G. K. Gilbert, 1885, in the 

absence of H. C. Lewis.* 

35. E. W. Claypole, 1886. 

36. W. M. Davis, 1887, in the ab- 

sence of T. B. COMSTOCK. 

37. John C. Branner, 1888. 

38. John C. Branner, 1889. 

39. Samuel Calvin, 1890. 

40. WJMcGee, 1891. 

41. R. D. Salisbury, 1892. 

42. W. H. HoBBS, 1893, in place of 

R. T. Hill, resigned. 

43. Jed. Hotchkiss, 1894, in place 

of W. M. Davis, resigned. 

44. J. Pbrrin Smith, 1895. 

45. W. N. Rice, 1896, in place of 

A. C. Gill, resigned. 

46. C. H. Smyth, 1897. 

Section F.— Biology, 1882-92. 

31. William OSLER, 1882, in the 

absence of C. S. Minot. 

32. S. A. Forbes, 1883. 

33. C. E. Bessey, 1884. 

34. J. A. Lintner, 1885, in place 

of C. H. Fernald, resigned. 

35. J. C. Arthur, 1886. 

36. J. H. CoMSTOCK, 1887. 

37. B. H. Fernow, 1888. 

38. A. W. Butler, 1889. 

39. J. M. Coulter, 1890. 

40. A. J. Cook, 1891. 

41. B. D. Halsted, 1892. 

Section F.— Zoology. 

42. L. O. Howard, 1893. 

43. John B. Smith, 1894, in place 

of Wm. Libby, jr., resigned- 

44. C. W. Hargitt, 1895, in place 

of S. A. FoRBKS, resigned. 

45. D. S. Kellicott, 1896. 

46. C. C. Nutting, 1897. 
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SeCRETARIKS OF THE 

Section G.-— Microscopy, 1882-86. 
31. RoBEBT Brown, jr., 1882. 
Carl Skiler, 1883. 
ROHYN Hitchcock, 1884. 
84. W. H. Walmslby, 1886. 
Section G.— Botany. 
B. T. Galloway, 1893, In the 

absence of F. V. Coville. 

Charles R. Barnes, 1894. 

B. T. Galloway, 1895. 

B. Waitk, 1896. 

George F. Atkinson, 1896. 

F. C. Newcombk, 1897. 



32 
33 



42. 

43. 
44. 

45. 
46. 



3L 
32. 
33. 

34. 
35. 



37. 
38. 
39. 
40. 
41. 

42. 

48. 



Sections, continued. 

Stewart Culin and W. 
W. TooKBR, 1896, In place 
of Anita N. McGbb re- 
signed. 
G. H. Perkins, 1896, In place 
of J. G. BouRKE,* deceased. 
H. I. Smith, 1897. 



jB.' 
CM. 



Section H. — A n thropology. 

OtisT. Mason, 1882. 

G. H. Perkins, 1883. 

G. H. Pkrkins, 1884, in the ab- 
sence of W. H. Holmes. 

Erminnie a. Smith,* 1886. 

A. W. Butler, 1886. 
36. Charles C. Abbott, 1887, In 
absence of F. W. Langdon. 

Frank Bakrr, 1888. 

W. M. Bkauchamp, 1889. 

Joseph Jastrow, 1890. 

W. H. Holmes, 1891. 

W. M. Beauchamp, 1892, in 
place of S. CuiJN, resigned. 

Warren K.MooREHEAD, 1893. 

A. F. Chamberlin, 1894. 



44. 



46. 



46. 



Section I.— Economic Science and 
Statistics. 
gj f Franklin B. Hough,* 1882. 
I J. Richards Dodge, 1882. 

32. Joseph Cummings,* 1883. 

33. Charles W. Smilky, 1884. 

34. CHARLP.S W. Smiley, 1885, in 

absence of J.W. Chickbring. 
36. H. E. Alvord, 1886. 

36. W. R. Lazknby, 1887. 

37. Charles S. Hill, 1888. 

38. J. Richards Dodge, 1889. 

39. B. E. Fernow, 1890. 

40. B. E. Fernow, 1891. 

41. Henry Farquhar, 1892, in 

place of L. F. Ward made 
Vice-president. 

42. Nellie S. Kedzie, 1893. 

43. Manley Milks, 1894. 

44. W. R. Lazenby, 1895, in place 

of £. A. Ross, resigned. 
46. R. T. Colburn, 1896. 
46. Archibald Blue, 1897. 



TREASURERS. 



1. Jeffries Wyman,* 1848. 

2. A. L. Elwyn,* 1849. 

3. St. J. Ravenel,* 1850, in the 

absence of A. L. Elwyn.* 

4. A. L. Elwyn,* 1850. 

6. Spencer F. Baird,* 1851, in 

absence of A. L. Elwyn.* 
e-7. A. L. Elwyn,* 1851-1853. 



8. J. L. LeContk,* 1854, in ab- 
sence of A. L. Elwyn.* 
9-19. A. L. Elwyn,* 1866-1870. 
20-30. William S. Vaux,* 1871- 

1881. 
32-42. William Lilly,* 1882- 1893. 
43-46. R. S. Woodward, 1894-97. 
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COMMONWEALTH OF MASSACHUSETTS. 



IN THE YEAR ONE THOUSAND EIGHT HUNDRED AND SEYENTT-FOUR. 



AN ACT 

To Incorporate the ^^ American Association fob the 

Advancement op Science." 

Be it enacted by the Senate and House of Bepreaentatives, in General Court 
OMemhled, and by the authority of the same, as follows : 
Skction 1. Joseph Henry of Washington, Benjamin Pierce of Cam- 
bridge, James D. Dana of New Haven, James Hall of Albany, Alexis 
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of 
Philadelphia, F. A. P. Barnard of New York, John S. Newberry of Cleve- 
land. B. A. Goald of Cambridge, T. Sterry Hunt of Boston. Asa Gray of 
Cambridge, J. Lawrence Smith of Louisville, Joseph Lovering of Cam- 
bridge and John LeConte of Philadelphia, tiieir associates, the officers 
and members of the Association, known as the *' American Association 
for the Advancement of Science," and their successors, are hereby made 
a corporation by the name of the *• American Association for the Ad- 
vancement of Science," for the purpose of receiving, purchasing, hold- 
ing and conveying real and personal property, which it now.is, or hereafter 
may be, possessed of, with all the powers and privileges, and subject 
to the restrictions, duties and liabilities set forth In the general laws 
which now or hereafter may be in force and applicable to such corpo- 
rations. 

Section 2. Said corporation may have and hold by purchase, grant, 
gift or otherwise, real estate not exceeding one hundred thousand dol- 
lars in value, and personal estate of the value of two hundred and fifty 
thousand dollars. 

Section 3. Any two of the corporators above named are hereby 
authorized to call the first meeting of the said corporation in the month 
of August next ensuing, by notice thereof *'by mail," to each member of 
the said Association. 
Section 4. This act shall take effect upon its passage. 

House of Representatives, March 10, 1874. 
Passed to be enacted, 

John F. Sanford, Speaker. 
In Senate, March 17, 1874. 

Passed to be enacted. March 19, 1874. 

Geo. B. Loring, President. Appvoved, 

W. B. Washbubm. 
Sbcrbtary*8 Department, 
Boston, April 8, 1874. 

A true copy. Attest : 

David Pulsipbr, 
Deputy Secretary of the Commonwealth. 
(xx^ (20) 



CONSTITUTION 

OF THE 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 

SCIENCE. 

Incorporntecl by Act of the General Court of the Comnionwealth of Massachasettfl 



Objects. 



Article 1. The objects of the Association are, by periodical and mi- 
gratory meetings, to promote intercourse between those who are culti- 
yating science in different parts of America, to give a stronger and more 
general impulse and more systematic direction to scientific research, and 
to procure for the labors of scientific men increased facilities and a 
wider usefulness. 

Members, Fellows, Patrons and Honorary Fellows. 
Art. 2. The Association shall consist of Members, Fellows, Patrons, 
Corresponding Members and Honorary Fellows. 

Art. 3. Any person may become a Member of the Association upon 
recommendation in writing by two members or fellows, and election by 
the Council. Any incorporated scientific society or institution, or any 
public or incorporated library, may be enrolled as a member of the 
Association by vote of the Council by payment of the initiation fee; 
such society, institution or library may be represented by either the 
President, Curator, Director or Librarian presenting proper credentials 
at any meeting of the Association for which the assessment has been 
paid. 

Art. 4. Fellows shall be elected by the Council from such of the 
members as are professionally engaged in science, or have by their labors 
aided in advancing science. The election of fellows shall be by ballot 
and a majority vote of the members of the Council at a designated 
meeting of the Council. 

Art. 5. Any person paying to the .Association the sum of one thou- 
sand dollars shall be classed as a Patron, and shall be entitled to all the 
privileges of a member and to all its publications. 
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XXll CONSTITUTION. 

Art. 6. Honorary Fellows of the Association, not exceeding three 
for each section, maybe elected; the nominations to be made by the 
Council and approved by ballot in the respective sections before election 
by ballot in General Session. Honorary Fellows shall be entitled to all 
the privileges of Fellows and shall be exempt from all fees and assess- 
ments, and entitled to all publications of the Association Issued after the 
date of their election. Corresponding Members shall consist of such 
scientists not residing in America as may be elected by the Council, and 
their number shall be limited to fifty. Corresponding Members shall be 
entitled to all the privileges of members and to the annual volumes of 
Proceedings published subsequent to their election. 

Art. 7. The name of any member or fellow two years in arrears for 
annual dues shall be erased from the list of the Association, provided 
that two notices of indebtedness, at an interval of at least three months, 
shall have been given ; and no such person shall be restored until he has 
paid his arrearages or has been reelected. The Council shall have pow- 
er to exclude from the Association any member or fellow, on satisfac- 
tory evidence that said member or fellow is an Improper person to be 
connected with the Association, or has in the estimation of the Council 
made improper use of his membership or fellowship. 

Art. 8. No member or fellow shall take part In the organization of, 
or hold office In, more than one section at any one meeting. 

Officers. 
Art. 9. The officers of the Association shall be elected by ballot in 
General Session from the fellows, and shall consist of a President, a 
Vice President from each section, a Permanent Secretary, a General Sec- 
retary, a Secretary of the Council, a Treasurer, and a Secretary of each 
Section ; these, with the exception of the Permanent Secretary, shall be 
elected at each meeting for the following one and, "with the exception of 
the Treasurer and the Permanent Secretary, shall not be reeilgible for 
the next two meetings. The term of office of Permanent Secretary 
shall be five years. 

Art. 10. The President, or, in his absence, the senior Vice President 
present, shall preside at all General Sessions of the Association aud at 
all meetings of the Council. It shall also be the duty of the President 
to give an address at a General Session of the Association at the meet- 
ing following that over which he presided. 

Art. 11. The Vice Presidents shall be chairmen of their respective 
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Sections, and of their Sectional Committees, and it shall be part of their 
daty to give an address, each before his own section, at such time as the 
council shall determine. The Vice Presidents may appoint temporary 
Chairmen to preside over the sessions of their sections, but shall not 
delegate their other duties. The Vice Presidents shall have seniority in 
order of their continuous membership in the Association. 

Art. 12. The General Secretary shall be the Secretary of all General 
Sessions of the Association, and shall keep a record of the business of 
these sessions. He shall receive the records from the Secretaries of 
the Sections, which, after examination, he shall transmit with his own 
records to the Permanent Secretary within two weeks after the adjourn- 
ment of the meeting. 

Art. 13. The Secretary of the Council shall keep the records of the 
Council. He shall give to the Secretary of each Section the titles of 
papers assigned to it by the Council. He shall receive proposals for 
membership and bring them before the Council. 

Art. 14. The Permanent Secretary shall be the executive officer of 
the Association under the direction of the Council. He shall attend to 
all business not specially referred to committees nor otherwise constitu- 
tionally provided for. He shall keep an account of all business that he 
has transacted for the Association, and make annually a general report 
for publication in the annual volume of Proceedings. He shall attend to 
the printing and distribution of the annual volume of Proceedings, and 
all other printing ordered by the Association. He shall issue a circular 
of Information to members and fellows at least three months before 
«ach meeting, and shall, In connection with the Local Committee, make 
all necessary arrangements for the meetings of the Association. He 
shall provide the Secretaries of the Association with such books and sta- 
tionery as may be required for their records and business, and shall pro- 
vide members and fellows with such blank forms as may be required for 
facilitating the business of the Association. He shall collect all assess- 
ments and admission fees, and notify members and fellows of their 
election, and of any arrearages. He ,shall receive, and bring before the 
Council, the titles and abstracts of papers proposed to be read before the 
Association. He shall keep an account of all receipts and expenditures 
of the Association, and report the same annually at the first meeting of 
the Council, and shall pay over to the Treasurer such unexpended funds 
as the Council may direct. He shall receive and hold in trust for the 
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Association all books, pamphlets and manuscripts belonging to the Associ- 
ation, and allow the use of the same under the provisions of the Constitution 
and the orders of the Council. He shall receive all communications ad- 
dressed to the Association during the intervals between meetings, and 
properly attend to the same. He shall at each meeting report the names 
of fellows and members who have died since the preceding meeting. 
He shall be allowed a salary which shall be determined by the Council, and 
may employ one or more clerks at such compensation as may be agreed 
upon by the Council. 

Art. 15. The Treasurer shall invest the funds received by him in such 
securities as may be directed by the Council. He shall annually present 
to the Council an account of the funds in his charge. No expenditure of 
the principal in the hands of the Treasurer shaU be made without a unan- 
imous vote of the Council, and no expenditure of the income received 
by the Treasurer shall be made without a two-thirds vote of the Council. 
The Treasurer shall give bonds for the faithful performance of his duty 
in such manner and sum as the Council shall from time to time direct. 

Abt. 16. The Secretaries of the Sections shall keep the records of 
their respective sections, and, at the close of the meeting, give the same, 
including the records of subsections, to the General Secretary. They 
shall also be the Secretaries of the Sectional Committees. The Secre- 
taries shall have seniority in order of their continuous membership in 
the Association. 

Art. 17. In case of a vacancy in the oflSce of the President, one of 
the Vice Presidents shall be elected by the Council as the President of the 
meeting. Vacancies in the offices of Vice President, Permanent Secre- 
tary, General Secretary, Secretary of the Council, and Treasurer, shall 
be filled by nomination of the Council and election by ballot in General 
Session. A vacancy in the office of Secretary of a Section shall be filled 
by nomination and election by ballot In the Section. 

Art. 18. The Council shall consist of the past Presidents, and the Vice 
Presidents of the last meeting, together with the President, the Vice Pres- 
idents, the Permanent Secretary, the General Secretary, the Secretary of 
the Council, the Secretaries of the Sections, and the Treasurer of the cur- 
rent meeting, with the addition of one fellow elected from each Section 
by ballot on the first day of its meeting. The members present at any 
regularly called meeting of the Council, provided there are at least flve^ 
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shall form a quorum for the transaction of business. The Council shall 
meet on the day preceding each annual meeting of the Association, and ar- 
range the programme for the first day of the sessions. The time and place 
of this first meeting shall be designated by the Permanent Secretary. 
Unless otherwise agreed upon, regular meetings of the Council shall be 
held in the Council room at 9 o'clock, a.m., on each day of the meeting of 
the Association. Special meetings of the Council may be called at any time 
by the President. The Council shall be the board of supervision of the 
Association, and no business shall be transacted by the Association that 
has not first been referred to, or originated with, the Council. The 
Council shall receive and assign papers to the respective sections ; ex- 
amine and, if necessary, exclude papers ; decide which papers, discus- 
sions and other proceedings shall be published, and have the general 
direction of the publications of the Association ; manage the financial 
aflkirs of the Association; arrange the business and programmes for 
General Sessions ; suggest subjects for discussion, investigation or re- 
ports; elect members and fellows; and receive and act upon all invita* 
tions extended to the Association and report the same at a Greneral Ses- 
sion of the Association. The Council shall receive all reports of Special 
Committees and decide upon them, and only such shall be read in General 
Session as the Council shall direct. The Council shall appoint at etich 
meeting the following sub-committees who shall act, subject to appeal to 
the whole Council, until their successors are appointed at the following 
meeting : 1, on Papers and Reports ; 2, on Members ; 8, on Fellows. 

Abt. 19. The Nominating Committee shall consist of the Council, and 
one member or fellow elected by each of the Sections. It shall be the 
duty of this Committee to meet at the call of the President and nominate 
the general officers for the following meeting of the Association. It shall 
also be the duty of this Committee to recommend the time and place for 
the next meeting. The Vice President and Secretary of each Section shall 
be recommended to the Nominating Committee by a sub-committee con- 
sisting of the Vice President, Secretary, and three members or fellows 
elected by the Section. 

Mbktinos. 

Art. 20. The Association shall hold a public meeting annually, for one 
week or longer, at such time and place as may be determined by vote of 
the Association, and the preliminary arrangements for each meeting shall 
be made by the Local Committee, in conjunction with the Permanent Sec- 
retary and such other persons as the Council may designate. 
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Art. 21. A General Session shall be held at 10 o'clock, a. m., on the 
first day of the meeting, and at snch other times as the Council may di- 
rect. 

Suctions and Subsections. 

Art. 22. The Association shall be divided into Sections, namely :— A » 
Mathematics and Astronomy; B, Phy»ics; C, Chemistry, including its ap- 
plication to agriculture and the arts ; D, Mechanical Science and Engineer- 
ing ; E, Geology and Geography ; F, Zoology; G, Botany ; H, Anthropology; 
I, Social and Economic Science. The Council shall have power to consol- 
idate any two or more Sections temporarily, and such consolidated Sec- 
tions shall be presided over by the senior Vice President and Secretary 
of the Sections comprising it. 

Art. 23. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the Vice 
President and Secretary and the Vice President and Secretary of the pre- 
ceding meeting shall form Its Sectional Committee. The Sectional Com- 
mittees shall have power to fill vacancies in their own numbers. Meetings 
of the Sections shall not be held at the same time with a General Session. 

Art. 24. The Sectional Committee of any Section may at its pleasure 
form one or more temporary Subsections, and may designate the ofBcers 
thereof. The Secretary of a Subsection shall, at the close of the meeting, 
transmit his records to the Secretary of the Section. 

Art. 25. A paper shall not be read in any Section or Subsection until 
it has been received from the Council and placed on the programme of the 
day by the Sectional Committee. 

Sectional Committees. 

Art. 26. The Sectional Committees shall arrange and direct the busi- 
ness of their respective Sections. They shall prepare the daily programmes 
and give them to the Permanent Secretary for printing at the earliest 
moment practicable. No titles of papers shall be entered on the daily pro- 
grammes except such as have passed the Council. No change shall be 
made in the programme for the day in a Section without the consent of 
the Sectional Committee. The Sectional Committees may refuse to place 
the title of any paper on the programme ; but every such title, with the 
abstract of the paper or the paper itself, must be returned to the Council 
with the reasons why It was refused. 

Art. 27. The Sectional Committees shall examine all papers and ab- 
stracts referred to the Sections, and they shall not place on the programme 
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any paper inconsistent with the character of the Association ; and to this 
end they have power to call for any paper, the character of which may 
not be sufficiently understood from the abstract submitted. 

Papkrs and Communications. 

Art. 28. AU members and fellows must forward to the Permanent 
Secretary, as early as possible, and when practicable before the conven- 
ing of the Association, full titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy in delivery, and also such abstracts of their contents as will give 
a general idea of their nature ; and no title shall be referred by the Coun- 
-cil to the Sectional Committee until an abstract of the paper or the paper 
itself ha^ been received. 

Art. 29. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 

Art. 30. Whenever practicable, the proceedings and discussions at 
<jeneral Sessions, Sections and Subsections shall be reported by profes- 
sional reporters, but such reports shall not appear in print as the official 
reports of the Association unless revised by the Secretaries. 

Printed Proceedinob. 
Art. 31. The Permanent Secretary shall have the Proceedings of each 
meeting printed in an octavo volume as soon after the meeting as possible, 
beginning one month after adjournment. Authors must prepare their 
papers or abstracts ready for the press, and these must be in the hands of 
the Secretaries of the Sections before the final adjournment of the meet- 
ing, otherwise only the titles will appear in the printed volume. The 
Council shall have power to order the printing of any paper by abstract 
or title only. Whenever practicable, proofs shall be forwarded to authors 
for revision. If any additions or substantial alterations are made by the 
author of a paper after its submission to the Secretary, the same shaU be 
•distinctly indicated. Illustrations must be provided for by the authors of 
the papers, or by a special appropriation from the Council. Immediately 
on publication of the volume, a copy shall be forwarded to every member 
and fellow of the Association who shall have paid the assessment for the 
meeting to which it relates, and it shall also be offered for sale by the 
Permanent Secretary at such price as may be determined by the Council. 
The Council shall also designate the institutions to which copies shall be 
distributed. 
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Local Committke. 
Art. 32. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the pro- 
posed meeting. It is expected that the Local Committee, assisted by the 
ofBcers of the Association, will make all essential arrangements for the 
meeting, and issue a circular giving necessary particulars, at least one 
month before the meeting. 

Library of the Association. 
Art. 33. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall furnish a copy to any member or fellow on appli- 
cation. Members and fellows who have paid their assessments in full 
shall be allowed to call for books and pamphlets, which shall be delivered 
to them at their expense, on their giving a receipt agreeing to make good 
any loss or damage and to return the same free of expense to the Secre- 
tary at the time specified in the receipt given. All books and pamphlets 
in circulation must be returned at each meeting. Not more than five books, 
including volumes, parts of volumes, and pamphlets, shall be held at one 
time by any member or fellow. Any book may be withheld from circula- 
tion by order of the Council. [The Library of the Association was, by 
vote of the Council in 1895, placed on deposit in the Library of the Uni- 
versity of Cincinnati, Ohio. Members can obtain the use of books by 
writing to the Librarian of the University Library, Cincinnati, Ohio.] 

Admission Feb and Assessments. 
Art. 34. The admission fee for members shall be five dollars in addi- 
tion to the annual assessment. On the election of any member as a fellow 
an additional fee of two dollars sliall be paid. 

Art. 35. The annual assessment for members and fellows shall be three 
dollars. 

Art. 36. Any member or fellow who shall pay the sum of fifty doUara 
to the Association, at any one time, shall become a Life Member, and as 
such, shall be exempt from all further assessments, and shall be entitled 
to the Proceedings of the Association. All money thus received shall be 
invested as a permanent fund, the income of which, during the life of 
the member, shall form a part of the general fund of the Association ; but» 
after his death, shall be used only to assist in original research, unless 
othenvise directed by unanimous vote of the Council. 
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Abt. 37. All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

Accounts. 
Art. 38. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by Auditors appointed by the Council. 

Alterations of the Constitution. 
Art. 89. No part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in General Session, after notice given at a General Session of a 
preceding meeting of the Association. 
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A list of deceased members of the Association, so far as IcnowD, to 
the time of publishing the volume of Proceedings of the Springfield meet- 
ing, May 1896, Is given in that volume. At the Buffalo meeting the Council 
directed the Permanent Secretary to omit the printing of the full list of 
deceased members in the annual volumes and to print only the additions 
to the list. 

The Secretary requests information as to dates and places dt birth and 
death of members Avhen not given in the list. 

Since the publication of the list in the Springfield volume, notices have 
been received of the deeease of the following members : 

John G. Bourke, Washington, D. C. (33). Born in Philadelphia, Pa., in 

1843. Died in Philadelphia, Pa., June 8, 1806. 
Thomas T. Bouv6, Boston, Mass. (1.) Born in Boston, Mass., Jan. 14, 

1815. Died In Hlngham, Mass., June S, 1896. 
Stephen Bush, Waterford, N. Y. (19). Born In Nassau, N. Y., May 30, 

1818. Died in Waterford, N. Y., July 15, 1896. 
Oscar Craig, Rochester, N. Y. (41). Died Jan. — , 1894. 
Charles O. Curtman, St. Louis, Mo. (39). 
J. C. Foye, Chicago, 111. (29). Died July 3, 1896. 
G. Brown Goode, Washington, D. C. (22). Born in New Albany, Ind., 

Feb. 13, 1861. Died in Washington, D. C, Sept. 6, 1896. 
Benjamin Apthorp Gould, Cambridge, Mass. (2). Born in Boston, Mass., 

Sept. 27, 1824. Died in Cambridge, Mass., Nov. 26, 1896. 
Horatio Hale. Clinton, Ontario, Can. (30). Died Dec. 28, 1896. 
Robert Hay, Junction City, Kan. (36). Born in Ashton-under-Lyne, 

Lancashire, Eng., May 19, 1835. Died in Junction City, Kan., Dec. 

14, 1895. 
Bcia Hubbard, Detroit, Mich. (I). Died in June, 1896. 
Charles McK. Leoser, New York, N. Y. (32). Died Feb. 23, 1896. 
N. T. Lupton, Auburn, Ala. (17). Died June 10, 1893. 
Tyler McWhorter, Aledo, 111. (20). Born In Avoca, N. Y., Aug. 29, 1815. 

Died in Aledo, 111., March 6, 1896. 
Hubert A. Newton, New Haven, Conn. (G). Born in Sherburne, N. Y., 

March 19, 1830. Died in New Haven, Conn., Aug. 12, 1896. 
George Dean Phippen, Salem, Mass. (18). Born in Salem, Mass., April 
13, 1815. Died in Salem, Mass., Dec. 27, 1895. 
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Albert Nelson Prentiss, Ithaca, N. Y. (35). Born in Cazeuovia, N. Y., 

May 22, 1886. Died in Ithaca, N. Y., Aug. 14, 1896. 
Mark Samuel, New York, N. Y. (43). 
Justus MitcheillSUliman, Easton, Pa. (19). Born in New Canaan, Conn. 

Jan. 25, 1842. Died in Easton, Pa., April 15, 1896. 
Samoel^L. Smedley, Philadelphia, Pa. (33). Died July 21, 1894. 
Charles Speck, St. Louis, Mo. (27). Died in St. Louis, Mo., Oct. 25, 

1896. 
Charles Wachsmuth, Burlington, Iowa (30). Born in Hannover, Germany 

Sept. 13, 1829. Died in Burlington, Iowa, Feb. 7, 181)6. 
Josiah D. Whitney, Cambridge, Mass. (1). Born in Northampton, Mass., 

Nov. 23, 1819. Died in New London, N. H., Aug. 19, 1896. 
John B. Woodward, Brooklyn, N. Y. (43). Died March 6, 1896. 
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BY 



EDWARD W. MORLEY. 



THE RETIRIKG PRKSIDENT OF THR ASSOCIATION. 



A COMPLETED CHAPTER IN THE HISTORY OF THE 
ATOMIC THEORY. 



The great discovery of the law of gravitation was left reason- 
ably complete by its author. The explanation of this fact is 
obvioas. No other force of sensible magnitude complicates the 
action of gravitation ; its law appeals to simple geometiical rela- 
tions; and the facts had been well observed and reduced to order. 
Accordingly, by a few numerical comparisons of the hypothesis 
with the facts, Newton established the truth of his conjecture so 
that it has been generally accepted as a law of nature. The first 
suggestion of the theory was quickly followed by its final triumph. 

Very different has been the history of the discovery which 
most chemists regard as next in importance to that of Newton. 
The discovery that matter consists of an aggregation of infini- 
tesimal units or individuals was made by Dalton; but the fir^t 
suggestion of this kind had been made at least twenty-two cen- 
turiea before Dalton. Leucippus and Democritus were the 
earliest recorded believers in this doctrine; Epicurus adopted it; 
Lucretius expounded it in strains of noble eloquence. But #11 
the early suggestions were quite barren and unfruitful for the 
advancement of science, for no one before the present century 
was in a position to make any verifiable hypothesis ; and science 
grows by means of hypotheses so closely in touch with facts as 
to be verifiable. In later times, Leibnitz accepted the notion of 
a certain kind of atomic structure of matter; Newton accepted, 
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and reasoned soundly upon, a view which Dalton recognized as 
akin to his own. Kant seems to have adopted the contrary 
opinion, and to have believed that matter is infinitely divisible. 
But Bernouilli made the conjecture, which has since been verified, 
that a given volume of a gas consists of a very large number of 
very small discrete particles, which we now call molecules; and 
Higgins, an English chemist, a contemporary of Dalton, was the 
first to apply the notion of atoms to the explanation of chemical 
phenomena, although he did not think clearly in regaixl to the 
weight of atoms, and so formed no useful hypothesis. Accord- 
ingly, the net result of twenty-two centuries of thought on this 
subject was, to form a conception of a possible structure of 
matter, without imagining any way of establishing the truth or 
eiTor of this conception, or even of gaining any evidence what- 
ever in regard to it. But, if any are inclined to visit this failure 
w^ith reproach, it is interesting to notice that the first man who 
was aware of the quantitative relations which are adapted to 
throw light on the matter did not fail to make the most full and 
complete use of this knowledge. 

Dalton, and not the ancients, ought to be regarded as the 
discoverer of the atomic structure of matter, because he invented a 
hypothesis, involving such a structure, which was capable of being 
so compared with facts as to be proved or contradicted ; because 
he actually began such a comparison of the hypothesis with the 
facts; and because all the evidence from facts, varied as it has 
since become, supports the hypothesis substantially in the form 
which he gave it. He who suggests that a certain benefit is 
desirable, or who conjectures that it is possible, shall not fail of 
due credit; but he who confers the benefit will receive the credit 
due the benefactor. 

Since Dalton's discovery, much has been done to confirm and 
enlarge our knowledge^of the atomic structure of matter. New 
evidence has been acquired in favor of it, because the theory has 
been ready to extend over whole realms of facts of a kind un- 
known to Dalton, to explain them, to facilitate their study; and 
also ready to predict facta, unknown till they were sought in con- 
sequence of the prediction, but found when they were sought. 

The history of the atomic theory for ninety years would fall 
into several distinct chapters. One of these chapters, not the 
least interesting of them, would tell of a very large amount of 
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work, some of it of coDSummate accuracy, of which the object 
was to attain some knowledge of the nature or construction of 
atoms. Since the last meeting of our Association in this city, 
work has been accomplished which, if I rightly judge, has ended 
Uiia particular chapter. That the chapter may at some future 
time be resamed is, of course, not absolutely impossible ; but 
for the present it has come to a definite close. My own interest 
in the matter suggests, and the coincidence in time now men- 
tioned perhaps justifies, my selection of this completed chapter 
in the history of the atomic theoi^ as the subject of the address 
which our constitution requires of me this evening. 

This chapter naturally concerns more intimately the members 
of the sections of Physics and Chemistry. To these I can hardly 
hope to say anything not already well known to them ; but mem- 
bers of other sections may, perhaps, not be entirely uninterested 
io an account of the conclusions reached. 

Dal ton* s theory was founded on three facts. These facts are 
often called Dalton's laws; one of them, because he discovered 
it, the others because he first recognized their important relations 
to chemical theoi-y. One of these is the law of definite propor- 
tions: in any chemical compound, the ratio of the components is 
constant, is invariable, is definite. This truth had been recog- 
nized by others; it was finally established as a result of the dis- 
cussion between Berthollet and Proust; a discussion well worth 
recalling for the dignified courtesy and simple love for truth 
shown by both the disputants. A second of these laws of Dalton 
is the law of equivalent proportions: if two elements, which 
combine with each other, combine also with a third, then the 
ratio in which they combine with each other (or a simple multiple 
of it) is also the ratio of the quantities of those which combine 
with the same quantity of the third. That this was true, at least 
in some cases, was known before Dalton. The third law is the 
law of multiple proportions: if two bodies combine in more than 
one ratio, those ratios are simple multiples of each other. This 
truth was discovered by Dalton. 

These three laws are statements of facts. Careful and multi- 
plied experiments have convinced us that, if these statements are 
not rigorously exact, their deviation from accuracy is less than the 
accidental errors of the best experiments used to test them. 

Perhaps it is worth while to delay for a moment, in order to 
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state to what degree of precision such experiments have been 
brought. The degree of precision with which any supposed law 
can be verified depends on the skill of the investigator, on the 
instrumental equipment available, and on the conditions of the 
problem. Often the conditions of the problem impose very 
stringent limitations on the precision of our experiments. For 
instance, the truth known as Ohm's law has been verified, in the 
case of metallic conductors, to one part in a million millions; but 
in the case of liquid conductors, the conditions are such that the 
precision attainable so far has been only a millionth as much. 
Huyghens' law, relating to double refraction, has been verified 
to one part in half a million, and there seems to be no possibility 
of attaining any considerable increase in the precision of the 
observations. These are examples of the very highest degree of 
precision which has been secured in the verification of supposed 
laws of nature. 

The precision which can be attained in chemical analysis, even 
of the most elaborate kind, is much less than in the cases jast 
mentioned. The determination of atomic weights is the chemical 
process in which the highest degree of precision is demanded. If 
we denote the precision of such determinations by the words 
**good," "excellent," "admirable," "consummate," then we may 
fairly say that in a good series of determinations the average 
difference from the mean of all will be less than one thousandth 
part of the ratio sought; in an excellent series, less than one 
three- thousandth part; in an admirable series, less than one ten- 
thousandth part; and in a consummate series, less than one fifty- 
thousandth part. 

Now the work of Stas was all admirable in precision, and 
much of it was consummate, and he made experiments expressly 
intended to verify the law of definite proportions. The average 
error in this series of experiments was not more than one part in 
thirty thousand; and his result was, that, if the composition of the 
compounds examined is not rigorously constant, the variations 
are too small to be detected. The law of equivalent proportions 
was verified with the same degree of precision : the accuracy of 
the law of multiple proportions has been thought to be deducible 
from the truth of the two other laws. 

To some such degree of precision, then, Dalton's laws are the 
expression of facts. With these facts for a guide, and with no 
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theory founded on the facts and explaining the facts, all chemical 
computations could be made, and chemical formulaB could be 
established. And, if a theory should be devised, and accepted, 
and finally overthrown, these facts would remain, unchanged, 
for our perpetual guidance. Some of Dalton's contemporaries 
accepted the facts as a sufficient guide, and refused to burden 
them with the weight of the theory. Some were engrossed, for 
the time, in following out practical consequences of the facts; 
some distrusted conclusions supported by but a single line of 
evidence; some, perhaps, distrusted the capacities of the human 
mind. But the facts were accepted. 

All scientific men, all sensible men, have a great respect for 
facts. Perhaps one cannot have too great a respect for facts; 
but his respect may be wrongly directed. Facts are often very 
interesting in themselves ; they often have an important relation 
to human welfare; their discovery is often a great intellectual 
triumph: and we may regard them as the miser regards his gold, 
forgetting that the most precious use of facts is to help us to see 
beyond them. Facts are evidence; but we seek a vei-dict. Facts 
are a telescope; we desire enlargement of vision, fuither insight 
into nature. Facts are openings which we laboriously hew in the 
walls which shut us in; they cost enough to be valuable, but 
their real value is in that which they promise or disclose. Facts 
are a foundation for our building; the structure must rigorously 
respect the lines of the foundation; but it is a pity to believe 
that the basement walls are the chief beauty desired by the archi- 
tect or owner. As Tyndall phrased it in a lecture at Manchester, 
"Out of experience in science, there always grows something 
finer than mere experience. Experience, in fact, only furnishes 
the soil for plants of higher growth." 

In the present case the soil was fertile, the finer growth has 
been rapid and vigorous. Dalton inferred that chemical elements 
consist of very small units or individuals; that all the units or 
individuals of any given element are equal in weight; and that 
combination takes place by the grouping together of different 
units or individuals. This is Dalton's atomic theory. 

In Dalton's time there was no fact opposed to this novel con- 
clusion ; but there was no second set of facts to support it. The 
progress of chemistry depended on making due use of Dalton 's 
three laws, and they were quickly and generally accepted; but 
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whether the hypothetical chemical units or individuals actually 
exist or not, although a most interesting question, did not press 
for instant decision. Most chemists regarded with favor the idea 
of the actual existence of the chemical units or individuals. Dal- 
ton called them atoms, and perhaps the name brought misfor- 
tune; for many thought that the new theory was, that matter is 
made up of units or individuals which cannot be divided by any 
possible force. The word "atom," the word "indivisible," like 
the word "individual," properly mean that which is not divided 
in the phenomena considered. An absolutely indivisible atom, 
like an irresistible wave or an immovable rock, can be spoken of 
to puzzle children; but for adults, as Clifford said, "If there is 
anything which cannot be divided, we cannot know it, because 
we know nothing about possibilities and impossibilities; only 
about what has or has not taken place." I judge that many, 
probably most, chemists and physicists understand the word 
"atom" correctly; many others understand it to mean that which 
cannot be divided by any possible force, and so misunderstand 
it. For instance, the author of the "History of the Inductive 
Sciences " failed to understand the word as chemists and physi- 
cists understand it, and so supposed that he rejected the atomic 
theory. Many chemists would reject the theory that matter con- 
sists of very small units which cannot be divided : I suppose that 
very nearly all believe that matter is made up of small units which 
are not divided in any chemical or physical change yet observed. 
This is the atomic theory of Dalton. 

A few years after Dalton had formed the atomic theory, and 
had obtained the first experimental evidence on a matter which 
had enlisted attention for more than two thousand years, Davy 
showed, by brilliant experiments, that certain bodies were com- 
pounds, although they had resiste<l all previous attempts to 
decompose them. Since the first use of electricity had so 
important results, men were ready to suspect that even supposed 
elements might ultimately prove to be compounds. It was there- 
fore in a congenial soil that Prout's hypothesis took root. Trust- 
ing to experiments of not much accuracy, Prout suggested, in 
the year 1815, that probably the atomic weights of other elements 
were divisible, without remainder, by the atomic weight of hydro- 
gen; or, in other words, that they are whole numbers, if the 
atomic weight of hydrogen be taken as unity. 
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The new suggestion was most attractive, for two reasons. On 
the one hand, the truth of the new suggestion would lead to a 
very great practical advantage. The labor of determining atomic 
weights would be immensely simplified and lessened if we could 
know beforehand that the numbers to be found were integers. 
And, on the other hand, the new suggestion, if approved, would 
promise a most interesting and valuable hint as to the nature of 
matter and the structure of atoms. If, for instance, the atoms of 
carbon and nitrogen and oxygen weigh precisely as much as 
twelve and fourteen and sixteen atoms of hydrogen, then it is a 
very plaasible hypothesis that each of these atoms is really com- 
posed of the material of twelve and fourteen and sixteen atoms 
of hydrogen, compacted into a new atom. Davy had led many to 
suspect that perhaps some atoms might be compound, and the 
new suggestion looking in the same direction was received with 
favor by many, among whom were great discoverers, and great 
experimenters, and great teachers of chemistry. In England, 
where Davy and Prout both lived, Thomson had great influence. 
It was Thomson who, in the "Journal of Chemistry," of which 
he was the editor, first announced Dalton's discovery. Thomson 
wrote the history of chemistry. Thomson's "System of Chem- 
istry " was thought worthy of translation into French at a time 
when French was the mother tongue of chemistry. And Thom- 
son accepted Front's hypothesis as probably true. But Turner 
made more accurate and more numerous determinations of atomic 
weights than any other English chemist; and he rejected Front's 
hypothesis. Berzelius, the great Swedish chemist, whose deter- 
minations of the atomic weights of all the elements then known 
were regarded with so much admiration by all chemists, pro- 
nounced Front's hypothesis a pure illusion. But Dumas, than 
whom none in France stood higher, whose opinion had great 
weight on account of the excellence of his many determinations 
of atomic weights, accepted Front's hypothesis with a slight 
modification, and believed that his experiments had established 
its truth. Stas, the distinguished pupil of Dumas, began his 
work with a bias in favor of the hypothesis ; but when his first 
series of admirable determinations of atomic weights was pub- 
lished, he pronounced the hypothesis a pure illusion, entirely 
irreconcilable with the numerical results of experiment. But 
Mallet, who has made several excellent determinations of atomic 
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weights, and Clarke, who has recomputed and reduced to order all 
the published deteiTninations, declared themselves forced to give 
Front's hypothesis a most respectful consideration. It is obvious, 
then, that ten years ago it was not finally settled whether the 
hypothesis was or was not true. 

The hypothesis, then, has disappointed our hopes of any prac- 
tical advantage in conducting to a knowledge of the exact value 
of any atomic weight. But nevertheless the hypothesis has not 
been neglected. As was said, if it is ti'ue, we may expect from 
it new insight into the nature of atoms. Accordingly, an immense 
amount of labor has been expended in attempting to determine 
whether the atomic weights of certain elements are or are not 
divisible without remainder by the atomic weight of hydrogen. 
Now since our last meeting in this city results have been 
attained which show that further effort in this direction is not 
justified by the hope of any theoretic advantage. The chapter 
has come to an end. Prout's hypothesis cannot be proved by 
experiment. 

When we attempt to decide by experiment whether Prout's 
hypothesis is true, the nature of the problem, and the limitations 
of our present knowledge and of our available manipulative skill, 
impose three conditions to which we must conform. 

In the first place, we can more readily test the correctness of 
Front's hypothesis by determinations of the smaller atomic 
weights. The reason is obvious. All analytical work is affected 
with some accidental error or uncertainty. When Herschel wrote 
his admirable "Discourse on the Study of Natural Fhilosophy," 
he said that it was doubtful whether we could depend on the result 
of a chemical analysis as having an uncertainty less than one 
part in four hundred. Work of much greater accuracy has been 
done since this statement was made ; but, for the moment, let us 
assume that, even now, the uncertainty of a determination of 
an atomic weight is a four-hundredth part. This uncertainty 
affects a large atomic weight much more unfavorably for our pur- 
pose than it affects a small atomic weight. For instance, Stas 
found the atomic weight of lead to be 206.91, if we take the 
atomic weight of axygen as 16.00. The assumed uncertainty, 
one four-hundredth part of this, is 0.53; so that, on our assump- 
tion, the true value is somewhere between 206.38 and 207.44. 
These numbers differ more than a unit; no one has a right, on 
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this showing, to assert that the true value is the whole number 
207.00, nor that it is not so. 

But a small atomic weight may be much less unfavorably 
affected by the same proportionate uncertainty. For instance, 
recent determinations show that the atomic weight of oxygen is 
15.88, when the atomic weight of hydrogen is taken as unity. 
The assumed uncertainty, one four-hundredth part of this, is 
0.04; so that, on our assumption, the true value is between the 
limhs 15.84 and 15.92. These numbers differ by only one twelfth 
of a unit; and both of them differ much from the nearest whole 
number, 16.00. It is, therefore, by determinations of small 
atomic weights that we may hope to decide the truth of Front's 
hypothesis. 

But amoug the smaller atomic weights, some, in the present 
state of our knowledge, can be more accurately determined than 
others. Accordingly, a second condition imposed on us by the 
limitations of our knowledge is, that we must determine, with 
what precision we can, those small atomic weights which admit 
of the maximum of precision. There are eight atomic weights 
upon which, with the experimental data now available, the de- 
cision of the matter may be fairly made to depend. These ele- 
ments are lithium, carbon, nitrogen, oxygen, sodium, sulphur, 
chlorine, and potassium: the atomic weights are, in round num- 
bers, 7, 12, 14, 16, 23, 32, 35.50, and 39. If numerous and care- 
ful experiments show that these atomic weights are whole 
numbers, Front's hypothesis has a solid basis in fact; if seven 
are whole numbers and the other is 35.50, then Dumas's modified 
statement of the hypothesis has a solid basis in fact, for 35.50 
is divisible without a remainder by half the atomic weight of 
hydrogen. 

One more condition is imposed on us by the limitations of our 
knowledge and manipulative skill. Our experiments determine 
most atomic weights, not with reference to hydrogen, but with 
reference to oxygen. Experiment, for instance, does not deter- 
mine directly that the atomic weight of lithium is seven times 
that of hydrogen, but that it is seven sixteenths that of oxygen. 
If the atomic weight of oxygen is uncertain, the atomic weights 
of the other seven elements with reference to hydrogen are all 
uncertain in the same proportion, although with reference to 
oxygen they are now determined with very small uncertainty. 
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Accordingly, the third condition imposed on us in attempting to 
learn the truth about Front's hypothesis is, that the atomic weight 
of oxygen must be well determined. 

It may be remarked that it would be a great gain, as all chem- 
ists will see, if several other atomic weights could be determined 
by direct comparison with hydrogen, provided the precision 
attainable was of the degree which I have called admirable, or 
even excellent. Now, methods have been devised by which the 
atomic weights of lithium, sodium, and potassium, as well as of 
several other metals, could be referred directly to hydrogen, by 
experiments which present no great difficulty, and which are 
capable of the required precision. Further, a method has been 
devised by which the atomic weight of chlorine can be deter- 
mined with direct reference to hydrogen, by experiments capable 
of the required degree of precision, but involving considerable 
difficulty in manipulation. But until some such methods shall 
have been employed by some one, we must be content with the 
inferences which can be drawn from data of the kind now 
available, which depend on our knowledge of the atomic weight 
of oxygen as the corner stone of the system. 

Our knowledge of the atomic weight of oxygen, ten years ago, 
depended largely on the experiments of Dumas. His results 
differed from the whole number 16.00 by one four-hundredth part; 
he himself judged that the uncertainty remaining might be one 
two-hundredth part. If we accept this estimate of uncertainty, 
we may say that he proved that the atomic weight of oxygen is 
included between the limits 15.88 and 16.04. No one could 
assert that the true number is, or that it is not, the whole num- 
ber 16.00. A proportionate uncertainty, therefore, existed in 
the other seven atomic weights just mentioned. Accordingly, 
ten years ago we could not well discuss the question whether 
these atomic weights were divisible, without remainder, by the 
atomic weight of hydrogen. 

The atomic weight of oxygen is, accordingly, doubly important 
for our pui-pose. The atomic weight is a small one, well adapted 
to aid in the solution; and, further, many other atomic weights, 
also well adapted to aid in the solution, depend on a prior knowl- 
edge of this constant. It is for this twofold reason that the work 
done since our last meeting at Buffalo is important and interest- 
ing. The members of this association have not failed to take 
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upon themselves a fair proportion of the considerable labor 
involved. 

Since that time not less than ten or eleven independent deter- 
minations of the atomic weight of oxygen have been successfully 
concluded. 

Cooke and Richards were the first to complete and publish their 
result; they used a new and ingenious process. Keiser was next; 
he employed a method for weighing hydix)gen which he had inde- 
pendently invented (though it had been previously invented 
elsewhere), which is the best yet used. In both these series of 
experiments, the hydrogen was combined with oxygen by manipu- 
lation something like that of Dumas ; but the improvement which 
permitted the direct weighing of the hydrogen made the essence 
of the process novel. Then Noyes devised a new method of 
weighing hydrogen directly, and a new manipulation for com- 
bining it with oxygen, and can*ied out the process in an apparatus 
having the advantage of great simplicity. Further, since our 
last meeting the Smithsonian Institution has published a work 
containing three series of detei*minations of the value in 
question, 

In England, Lord Rayleigh used another novel method of 
combining oxygen and hydrogen, in which he weighed both 
elements in the form of gas. He also made two series of deter- 
minations of the ratio of the densities of the gases. Scott deter- 
mined the ratio of the volumes of the gases which combine, in 
several series of experiments of great accuracy. Dittmar and 
Henderson rendered an important service by repeating, with 
many modifications, the experiments of Dumas ; with the advan- 
tage which the later experimenter commonly has over the earlier, 
they were able to secure a much higher degree of precision, and 
to eliminate the sources of constant error which Dumas detected 
too late. 

In France, Leduc repeated the experiments of Dumas, and also 
determined the ratio of the densities of the two gases. 

In Denmark, Thomsen has applied a different process, in which 
the atomic weight of a given metal is compared with those of 
oxygen and of hydrogen successively. 

We have, then, eleven series of determinations of the atomic 
weight of oxygen. One of these, for reasons which, so far, are 
chiefly matter of conjecture, differs much from the mean of all the 
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others. These other ten are concordant: they differ, on the 
average, only one part in twenty-two hundred from their mean, 
and the greatest difference from the mean is about one part in a 
thousand. 

Since these experiments have been made by different processes, 
by different men, under varied conditions, and since the greatest 
difference from the mean of the whole is only one part in a thou- 
sand, it is probable that the mean of all differs from the truth by 
much less than one part in a thousand. The errors of our experi- 
ments are of two kinds, — accidental and systematic. If we 
shoot a hundred times at a mark, about half of our shots fall a 
little to the right, and about half a little to the left. These are 
accidental errors: accidental errors are lessened as our manipu- 
lation improves, and they but slightly affect our final mean. 
Systematic errors affect all our results in the same direction. 
Suppose we fire a hundred shots at a target one thousand yards 
distant, not examining the target till the shots are all fired. If, 
now, the sights of our rifle were set for five hundred yards, all 
our shots would strike too low. This is a systematic error: 
systematic errors diminish as our knowledge increases. 

Accidental errors can be rendered harmless by taking the mean 
of numerous determinations made by the same method. But 
systematic errors must be detected and avoided. That they have 
been detected and avoided in any given case can never be 
definitely known ; it can, at best, be presumed from the fact that 
experiments by different methods give the same result. 

As to the atomic weight of oxygen, accidental errors have now 
been fairly eliminated, and we can make definite numerical 
statements on this point. If each of the ten sets of experiments 
were to be repeated with the same skill and knowledge, there is 
not one chance in a thousand that the new mean would differ from 
the present mean by as much as one part in sixteen thousand. 
Again, if ten new sets of experiments were to be made by new 
methods and new experimenters, there is not one chance in a 
thousand that the new mean would differ from the present mean 
by as much as one part in twenty-five hundred. 

As to possible systematic errors, modesty in statement is in- 
cumbent on all scientific men. But we have now ten independent 
results, in which the difference from the mean is at most only 
one part in one thousand. We may then fairly assume that the 
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aystematic error of the mean is less than one part in one thou- 
sand. Again, we have lately been able to take one step in 
advance^ which throws needed light on precisely this point. It 
has been found possible to weigh some hydrogen, to weigh the 
requisite oxygen, and to weigh the water which they produce. If, 
now, there were some undetected systematic error in weighing 
either one of these three substances, occasioned, for instance, by 
some impurity remaining undetected in one of them, the sum of 
the weights of the hydrogen and oxygen would differ from the 
weight of the water produced. If a pound of sugar and a pound 
of water produce only one pound and three quarters of syrup, 
there was a quarter of a pound of sand in the sugar. Now it 
has, I think, been proved that, if the sum of the weights of the 
hydrogen and the oxygen is not precisely equal to the weight of 
the water produced, the difference is too small to be detected, and 
cannot be more than one part in twenty -five thousand. If there 
really were a difference of this amount, and, further, if this differ- 
ence were due to an error at the precise point where it would be 
the most mischievous, it would render the atomic weight of 
oxygen uncertain by one part in about twenty-eight hundred. 

Taking into account the presumption from the concordance of 
the results of different experimenters and the presumption from 
the agreement just mentioned, I think we are justified in assum- 
ing that the remaining systematic error is not more than one part 
in sixteen hundred, and that it probably is not more than one 
part in three thousand. 

If this is a reasonable assumption, the net result of the experi- 
ments made in Denmark, France, Great Britain, and the United 
States is, that the atomic weight of oxygen is between 15.87 and 
15.81^, and that probably it is between 15.875 and 15.885. By 
no stretch can we imagine that the truth lies in the whole number 
16.00, nor in the even fraction 15.50. We cannot sanely believe 
it to lie in the number 15.75, having modified Front's hypothesis 
into the new statement that all atomic weights are divisible, 
without remainder, by one quarter of the atomic weight of hydro- 
gen- ^It will be obvious that, if we are still resolved to accept 
some form of the attractive illusion, we must assume that the true 
divisor is as small as one eighth of the atomic weight of hydro- 
gen, for the value 15J is included within the limits given. 

Then there is one small and well determined atomic weight 
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which utterly refuses to support Prout's hypothesis, or any modi- 
ficatiou yet stated by believers in the hypothesis. Further, 
now that the atomic weight of oxygen is well established, we can 
compare, with hydrogen taken as unity, the seven other amall 
and well determined atomic weights which hEve been mentioned.* 
We see that every value differs from an integer; for lithium, 
nitrogen, and potassium, the difference is about one part in two 
hundred thirty; for sodium, sulphur, and chlorine, about one part 
in one hundred eighty ; for carbon and oxygen, about one part in 
one hundred thirty. On the average, these values, which ai-e 
the best determined in chemistry, differ from whole numbers by 
about one part in one hundred eighty. There is less than one 
chance in a thousand that these numbers can possibly be so much 
in error. These are the numbers best fitted to test Prout's 
hypothesis ; and their evidence against it is decisive. 

It ought to be added, that the evidence against Prout's 
hypothesis seemed to many to be decisive, even without the 
knowledge of the atomic weight of oxygen which has recently 
been acquired. But the evidence can now be stated in a much 
more direct and simple manner; and it has gained in force, for 
to the seven fit instances at hand before there is added an* eighth, 
which happens to be the most weighty of the whole. 

In order to present the evidence against Prout's hypothesis 
when we lack an accurate knowledge of the atomic weight of 
oxygen, we have first to assume this value. We may, for one 
trial, assume that this value is the whole number 16.00, which is 
required by Prout's hypothesis, and see whether, on this assump- 
tion, the other seven atomic weights in question are very nearly 
such as the hypothesis requires.^ But the average deviation from 
the numbers required by the hypothesis is one part in five hun- 
dred ; and one deviation amounts to more than one part in three 
hundred. We may make another trial by assuming for oxygen, 
not the whole number 16.00, but that value which shall make 
the sum of all the deviations the least possible ; and we may also 
take one quarter of the atomic weight of hydrogen as our divisor.* 

1 The values are a» follows: Li = 6.97, C-=ll.91, N =r 13.94, O =» 1.5.88, 
Na = 22.87, S = 31.83, CI = 3.5.19, K = 38.84. 

^ The values on this assumption are as follows: Li = 7.02, C= 12.00, 
N = 14.04, O = 16.00 (assumed), Na = 23.07, S = 32.04, CI = 35.46, K = 39.14. 

« The values are an follows: Li = 7.00, C= 11.96, N = 13.99, 0=15.94, 
Ka = 22.96, 8 = 31 .96, CI = 35.33, K = 39.00. 
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But the average deviatioDS from the numbers required by the 
theory is, even in this case, one part in six hundred; and the 
atomic weight of that element for which the determinations of 
friends of the hypothesis agree with those of its opponents to 
one part in thirty-five hundred, is supposed, after all, to be in 
error by one part in five hundred. The atomic weight of oxy- 
gen, computed expressly to give every possible advantage to the 
hypothesis, differs from the whole number required by the theory 
by one part in two hundred fifty. 

We read in our school-books of the bed of Procrustes, to which 
the tyrant fitted his compulsory lodgers ; if they were too shoii;, 
he stretched them on the rack, if they were too long, he lopped 
ofif the superfluous length. This fable was really a prophetic 
vision; the bed is Front's hypothesis; our friends who admire 
it want to stretch the most unyielding quantities, and to lop off 
numbers which have been determined with the greatest precision. 
Either the experiments are in error by an amount which seems 
incredible, or the hypothesis is an illusion. If the supporters of 
the hypothesis . would avoid the conclusion, they must supply 
better determinations, or they must detect real and tangible 
sources of error in those already made. 

• The hypothesis was most interesting and attractive: it prom - 
iseil, if sustained by experimental evidence, to give the means of 
such insight into the nature of matter and into the intimate 
structure of atoms that it was well worth all the attention which 
has been given to it. That it should fail of support, that its 
promises could not be kept, is a matter of regret; but it is time 
to recognize that our hopes are quite cut off. That other elements 
are composed of the same substance as hydrogen may or may 
not be true; but we have now no hope of proving it by deter- 
minations of atomic weight. It would not be difficult, perhaps, 
to modify Front's hypothesis again and again, so as to bring 
it into some accord with the facts. We may imagine, if we will, 
that the observed numbers, if determined without enor, would all 
be divisible by the eighth part of the atomic weight of hydrogen, 
or the ninth, or the tenth, or by some smaller fraction. But 
such a hypothesis is of no interest and of no utility, because it is 
incapable of proof or disproof by experiment. The reason is 
obvious. If we suppose that all atomic weights are divisible by 
one tenth of the atomic weight of hydrogen, then, in case the 
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theory is erroneous, the average deviation of the actual atomic 
weights from those required by the theory is only one fortieth 
of the unit. The man who supports a theory which has no physi- 
cal basis would assert that all such ascertained deviations were 
due to errors of experiment. Others would reply that you can- 
not prove that a man is a good marksman by crowding the targets 
so near each other that not even his random shots can miss them 
all. But his backers might make so uncritical a claim. 

No, Front's hypothesis, if subdivided far enough, may be true 
for all which can be proved with the balance ; but in such new 
form it is of no use and of no interest, for it cannot be proved 
so as to become a safe basis for further inference. In its present 
form, there is no root of truth in it. 

So far, I have argued that Front's hypothesis is not true as 
heretofore enunciated ; and that, if some further modification of it 
is true, we cannot know it. This conclusion has been sustained 
by the evidence of the chemist's balance. A conclusion sup- 
ported by a single kind of evidence may command the confidence 
of one who has been long familiar with the evidence, and who has 
become capable of weighing it. But, for others, the concurrence 
of evidence of different kinds rightly adds greatly to its cogency. 
In this case, there is such concurrent evidence. There is other 
proof that the atoms of some well studied elements are not 
additive structures. Let me briefly describe the nature of this 
evidence. 

When ceitain elements are volatilized in a colorless gas-flame, 
or in the electric arc, their molecules are made to vibrate, so as 
to produce light. By the study of this light we can in time learn 
much of the nature of the vibrating system. The observed facts 
are gradually reducing to order; and one result is very striking. 
In the case of three closely similar elements before mentioned, 
lithium, sodium, and potassium, the complexity of vibration is 
precisely similar in all, and the numerical relations among the 
component vibrations are precisely similar in all. Therefore we 
are compelled to assume that the complexity of structure is the 
same in all, and that the relations of the component parts, and of 
the forces acting between them, are the same in all. To illus- 
trate the nature of the argument: the complexity of vibration 
and the numerical relations among the component vibrations in 
the case of a large church bell are precisely similar to those in 
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the case of a bell only one thiixi as large. Then, even without 
the direct evidence of other senses, we must presume that the 
two bells are similar structures, having similar parts, similarly 
related. We cannot believe that the larger bell is made of a 
small bell loaded with weights, nor of three small bells bound 
closely together. The larger and the smaller are of the same 
order. The larger is not made of more parts than the smaller; 
it is made of more metal. So with the atoms of these three 
elements; the larger are not made up by the addition of parts 
which preserve their identity and remain undivided. But all we 
know of chemical combination relates to structures which are 
made by the addition of parts which preserve their identity and 
remain undivided. Then Front's hypothesis assumes an analogy 
which does not exist ; and deductions from an imaginai-y analogy 
will themselves differ from the truth, much as fairy tales differ 
from history. 

There are still other sources of evidence drawn from the specific 
heats of the elements; the evidence is of the same kind, and 
leads to the same conclusion, but I simply allude to it. 

It seems to me, then, that the exact quantitative similarity of 
the spectra of these elements shows that they ai-e not compounds 
one of another, subject to the great chemical law of the addition 
of undivided parts; and that also the magnitudes of the small 
and well determined atomic weights differ from the values hith- 
erto suggested by applying the law of the addition of undivided 
parts, and differ by five, ten, and fifteen times the greatest 
experimental error we can reasonably assume. 

So the citadel which defends the secret of the atom cannot be 
taken by way of Prout's hypothesis. We have carried on the 
assault for eighty years, and we are now satisfied that the way is 
blocked ; we tried to breach, not a wall, but the solid mountain 
itself. We shall doubtless learn the structure of the atom, but 
we cannot learn it in the way we hoped. This chapter in our 
study of the nature of atoms has been fully ended. 

If Front's hypothesis cannot serve us, you will doubtless ask 
what other ways are open by which we may learn something of the 
structure of atoms. To answer is difficult; to answer adequately 
is impossible. Ferhaps I may mention four lines in which it has 
been hoped by some that the desired advance could be made, and 
may indicate what it is reasonable to expect of each. 

A. A. A. 8., VOL. XLV. 2 
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One of these indications of a possible source of knowledge as 
to the structure of atoms was suggested by certain chemical 
observations on some of the rare earths. My brief explanation 
will not do justice to the conception of the eminent chemist who 
investigated the phenomena. As I have said, the atom is some- 
thing which, as a matter of fact, remains undivided in all chem« 
ical changes. Most atoms seem to resist every force which we 
can apply. But it is possible that the amount of resistance 
which they can offer may vary greatly : it may be that in the case 
of some elements the resistance is such that in some reactions 
the atoms remain undivided, and not in others. From the 
study of such cases, if there are such, we might expect much help. 
Now, in the case of the common and well studied elements, the 
occurrence of such cases has not been suspected ; but some of the 
rarer elements, examined by a process which is frightfully labo- 
rious, have exhibited phenomena which suggest, as a hypothesis 
to be further studied, such a subdivision of atoms. But it is 
probable that we have mixtures of distinct elements which we 
do not yet know how to separate from each other by simple 
analytical processes. This chapter, we may fairly presume, will 
be valuable-, but not because it will tell us anything new about 
the structure of atoms. 

Certain spectroscopic phenomena have suggested that some 
elements may be decomposed by the action of a high temperature. 
For instance, it has been thought not impossible that, at the tem- 
perature of the electric arc, potassium compounds quite free from 
sodium should begin to show the spectrum of sodium, because 
at this temperature potassium is decomposed so as to produce 
sodium. This hypothesis has been carefully investigated; in 
part, by the accomplished physicist who is its author; in part, at 
his suggestion and invitation. It is found that, if years are given 
to the preparation of potassium compounds free from every trace 
of sodium, then it is impossible to obtain from them any phe- 
nomena suggesting a decomposition into sodium. Here, again, 
the new chapter, as far as it relates to the structure of the atom, 
is likely to be but short. 

A third suggestion did not rest upon any observed chemical 
phenomena, but was a purely intellectual creation. This is the 
hypothesis that atoms are vortex rings in a frictionless fluid. 
It belongs to the mathematical physicist, rather than to the 
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chemist, to discass this interestiDg suggestion. It may be said 
that it has seemed not impossible that the chemist should find a 
vortex ring capable of exerting certain chemical forces. But the 
fate of the hypothesis rested, not with the chemist, but with the 
mathematical physicist; and it has been found that the theory 
demands that the weight of a body composed of vortex atoms 
should increase with rise of temperature. It is scarcely possible 
that this can be the fact; if, then, the mathematical and physical 
reasoning involved is sound, it is scarcely possible that atoms 
consist of vortex rings. The probability is therefore but small, 
that we are to learn of the nature of atoms by means of this 
hypothesis. 

Some spectroscopic and other optical phenomena seem to 
promise more light as to the structure of molecules and atoms, 
though the dawn is not yet. Thanks to the concave grating, we 
can determine the frequency of vibration of the light from any 
source with great accuracy. When the light is complex, we can 
determine, with great accuracy, the relative frequency of the 
component vibrations. In the cases which have been best 
studied, the observed frequencies have been reduced to rather 
simple numerical relations. From the study of these relations 
we may expect, in time, to determine the structure of the vibrat- 
ing systems. But the way is long and difficult. Let us illustrate 
the nature of the method by means of a familiar example, namely, 
by the study of the structure of a sonorous vibrating system by 
means of the study of the sonorous vibrations produced by it. 

Let us suppose a person deprived of the sense of hearing, 
but master of the whole mathematical theory of sound. Sup- 
pose, further, that he has an instrument which will do for sound 
what the spectroscope will do for light. With this instrument, 
let him observe the frequency and the relative intensity of the 
vibrations produced by certain musical instruments which we 
cause to vibrate for him, but withhold from his inspection. Let 
us, first, sound for him a single note on a piano. The vibra- 
tions produced are, as you know, somewhat complicated. Our 
imagined experimenter, with his instrument, observes vibrations 
whose frequencies are 100, 200, 300, 400, 500, and 600 in one 
second; and he also obser^^es that the vibrations of 100 and 
500 are of nearly equal intensity, that the vibrations 200, 300, 
and 400, have more than twice as great an intensity, and that 
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vibration 600 is very feeble. From these facts, if his attain- 
ments are sufficient, and his imagination sufficiently fertile, he 
can determine what system produced the sound. He imagines 
every possible vibrating system, — drum, cymbals, trumpet, 
flute, organ-pipe, harmonium-reed, violin-string, piano, harp, and 
more. Next, assuming each imagined system of such size or 
tune as to produce one hundred vibrations a second for its 
gravest tone, he computes what other vibrations will also be pro- 
duced, and what the intensity of each. He finds, for instance, 
that a closed organ-pipe will give only the frequencies 100, 300, 
500, but will not produce the other observed frequencies 200, 400, 
600. Therefore, he concludes, the sound we produced for his 
study is not due to a closed organ-pipe. He finds, after many 
trials, that the observed frequencies and intensities could be 
produced by striking a stretched cord with a soft hammer, at a 
definite point near the end of the cord, so quickly that the cord 
and hammer remain in contact about the six-hundredth part of a 
second, and that the observed phenomena could not be produced 
by any other of the imagined vibrating systems. Then he con- 
cludes that the observed sound was probably produced by the 
stretched cord of a piano. He will have detected the true system, 
by first imagining every possible system, by computing the fre- 
quencies and corresponding intensities due to each hypothetical 
system, and by then comparing computation and observation. 

For a second example, suppose we ring, for our imagined 
observer, a bell of a certain form, and that he notes the frequen- 
cies 200, 475, 845, and 1295 in one second; in which, also, he 
finds that the vibration 845 so predominates as to give its pitch 
to the compound tone. Our observer will not be able to refer this 
sound to any stretched cord, or to any organ-pipe or other wind 
instrument; for all these are limited to frequencies contained in 
the series 200, 400, 600, 800. A uniform metallic bar, suspended 
and struck like the triangle of an orchestra, will give frequencies 
not contained in this list, but they will be 200, 550, 1080, and 
2670, instead of 200, 475, 845, and 1295. But if our obser^'er 
has adequate powers, he will imagine a hemispherical bowl of 
suitable dimensions, and will, in imagination, add mass and 
rigidity in suitable places, until, in time, he will have devised a 
system whose computed vibrations agree in frequency, and in 
distribution of energy, with those of the invisible sounding body. 
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Then he would conclude that the observed sound was due to a 
bell of the form assumed in the successful computation. 

This illustration sketches, imperfectly, I fear, the laborious 
method by which we may learn the structure of a vibrating 
system from a study of the vibrations produced by it. When we 
attempt to use this method in order to learn something about the 
structure of molecules and atoms, our powers of imagination and 
our mathematical skill are none too much. We know but little 
which can suggest plausible hypotheses. The facts which are to 
be explained have been but recently reduced to order. Accord- 
ingly, little has been actually accomplished. But there are some 
few examples of the use of this method of studying the structure 
of molecules and atoms. 

In one such example, the stinicturo imagined consisted of a 
system of concentric spherical shells, each connected with the 
adjacent shells by springs. This complicated structure admits 
of relatively simple computation, and was taken because it fairly 
well represents a rather simple imagined structure, for which, how- 
ever, computation is difficult. But it was found that the results 
computed on this hypothesis gave little promise of agreement with 
facts. 

This was a dynamical hypothesis; it suggested, not only vibra- 
tions, but the forces which were to produce them. A second 
example suggests certain possible motions, but not the forces 
which might produce the hypothetical motions; it is not dynamic, 
but kinetic. 

As we know, many of the lines in the spectra of the elements 
are double. For instance, when a volatile compound of sodium 
is brought into a colorless gas-flame, this is colored yellow. 
When we examine this yellow flame with a spectroscope of suffi- 
cient power, we see that there are two frequencies, differing from 
each other by only one part in a thousand. Now it is probable 
that these two frequencies are due to the vibrations of one and 
the same body. There are many illustrations of the fact that a 
given body may perform two different vibrations whose frequen- 
cies differ but slightly. For instance, if we suspend a ball by 
means of a cord and let it oscillate as a pendulum, it is well known 
that a swing of six feet takes a little more time than a swing of 
three feet. Suppose, then, that we let our ball swing six feet 
north and south, and also three feet east and west at the same 
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time ; the two motions may be combined so that the ball moves in 
an ellipse, — an ellipse whose longer axis is north and south. If 
the longer and the shorter swing had precisely the same fre- 
quency, the axis of the ellipse would continue in this direction ; 
but since the frequencies differ, the ellipse slowly revolves. 
Conversely, from the revolution of an ellipse, we should infer a 
difference of frequency in the two component vibrations. So it 
is suggested that the two slightly different frequencies in the 
light sent out by ignited sodium are due to an elliptic motion in 
the molecule in which the elliptic orbit slowly revolves; this 
suggestion has not yet been carried so far as to specify any hypo- 
thetical cause for the revolution of the ellipse. 

These two examples, both due to eminent English physicists, 
may serve to illustrate the method by which, if I am not mis- 
taken, we are not unlikely to learn much as to the structure of 
molecules and atoms. We must not expect rapid progress. 
Even comparatively simple hypotheses may require, for their due 
examination, the invention of new mathematical methods. And 
useful hypotheses are rare: like the finding of buried treasures, 
they are not to be counted on. But, since Front's hypothesis has 
rendered us its final service, new hypotheses must be devised, 
competent to guide us further on our way. Let us hope that, 
before this city again honors our association with its invitation to 
meet here, American chemists and physicists may have had some 
honorable share in such new advance. 
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The selection of a subject for presentation in an address such as 
I am called upon to deliver to-day, seems difficult. A large pro- 
poi-tion of those who may listen to me to-day are workers in the 
same field which interests me and are familiar with the progress in 
the science of physics. It is, therefore, unlikelj' that I shall be 
able to present to you anything which maj- be new or startUng ; 
this I regret, for it seems that it requires something of this character 
to stimulate interest and research. 

The aim of science in its most general sense is the discover}^ of 
truths. Its progress may be expressed by a curve approaching 
ti'uth asymptotically, probably never in human experience ap- 
proaching to its complete knowledge. So long as investigators find 
that they are working upon the steep part of the curve where it ap- 
proaches truth rapidl}'; there is no lack of interest ; this, however, 
seems to die out quickly when much labor and great patience 
are required to extend experimentallj- the curve now more slowly 
approaching complete knowledge, or straighten out some of its 
irregularities. As soon as a staitlingly new or curious line of in- 
vestigation is suggested ever}' one pounces upon it and older 
problems are left far from completion. That we in America are 
especially inclined to this weakness in physical investigations I 
believe to be the case. Though investigations have been carried 
out by a number of American physicists, wellnigh to completioui 
involving years of painstaking labor, of which we may well be 
proud, vet I believe the tendency exists. It is this thought which 

(29) 
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has led me to select for a brief review a line of study patiently 
carried on in Europe for a number of years, yet hardly touched 
upon by physicists in this country. In the last few years the 
studies in electrolj'sis and solution have been so fruitful that we 
can no longer afford to neglect them. It is also remarkable that 
these studies in electrolj'sis and molecular physics have been made 
almost exclusively bj' chemists, though of equal, if not greater, 
interest to the physicists ; the problem should be attacked by them. 
To direct your attention then to some of the important work that 
should be undertaken b}' physicists is my object in reviewing, in 
the briefest possible manner^ the progress of studies in electrolysis 
from their beginning to the present time. 

Scarce one hundred 3'ears have passed since the first note of 
chemical action having been produced by electricity is to be found. 
About the middle of the eighteenth century Pater Beccari obtained 
metals from oxides between which electric sparks had passed. 
These results led to no further inquiry at the time, and were passed 
by almost unnoticed. Priestley, in 1778, critically studied the 
effect of the passage of the spark thmugh air, noting the pro- 
duction of an acid gas. Cavendish continued these researches, 
explaining the action in the sense of the Phlogistic Theory of the 
day. Van Marum, extending Cavendish's investigations, decom- 
posed ammonia, and through a careful study of the chemical 
changes brought about by the electric spark became converted 
from Stahl's Phlogiston Theory, stoutly maintained at the time, to 
Lavoisiei-'s Oxygen Theory. Van Troest and Dieman, in 1739, 
gave the first unmistakable evidence of electrolytic action in de- 
composing water by means of the spark. The tendency towards 
an Electrical Theory of chemical action, fully developed later, 
becomes evident from the study of the literature of the da^-. 
These investigations were almost exclusively carried on b\' 
chemists ; but little attention was given to the study of electricitj-, 
its nature and physical action ; only the chemical results were of 
interest. The quantity of electricity at the command of the ex- 
perimentalists at that time was so small that very definite results 
in electrolytic action could not be expected. 

So far some progress had been made in the production and 
study of chemical effects resulting from electrical action ; the 
question of the possibility of the reversal of these effects^ the pro- 
duction of electricity from the chemical action^ had not been 
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tbooght of. Volta was the f rst one to investigate that question. 
Galvani's discovery, given to the world in 1791 in a brochure of 
fifty-eight pages, gave a new stimulus to investigation, now taken 
in hand bj- physicists. The perusal of the little work is of great 
interest in the historical stud}' of electricity. Galvani, as anato- 
mist, looked for the source of electricity to the phenomena of life, 
believing it to be stored in the living cell. Volta, the trained physi- 
cist, sought for it in the material world and gave us the Contact 
Theory of electricity as distinguished from the Chemical Theory. 
These two theories have each been as stoutly maintained as con- 
troverted by the best experimentalists and thinkers of the century. 
Volta's great gift to the world was the Voltaic Batter}-, the study 
of which, together with the reversability of the action, has thrown 
a flood of light upon problems in molecular physics as well as upon 
chemical action, though the Contact Theory of electricit}' of Volta, 
accepted with modifications by many of the greatest physicists of 
this century, has undoubtedly been one of the strongest barriers to 
the progress of later and more satisfactory theories as to the seat 
of the electromotive force in the batter}'. 

Passing over many impoii;ant contributions from co-workers of 
Volta, laying a foundation for an understanding of the chemical 
effects of electricity, the most valuable work having perhaps been 
done b}' Bitter, we come to Nicholson and Carlisle, who on the 2d 
of May, 1800, opened the field for the study of electrolysis by the 
decomposition of water by means of the current from the Voltaic 
pile. 

Volta seems to have avoided almost purposely the recognition of 
chemical action associated with the production and action of the 
current It is remarkable, at any rate, that such action should 
have impressed itself most strongly upon all other experimentalists 
of that day, and scarcely be noticed by him. 

From this time on we recognize for a considerable period two 
lines along which electrical problems have been studied. A long 
list of illustrious physicists from Ermann to Ohm studied the laws 
and ph3*sical effects of current electrical phenomena without ques- 
tioning the somewhat unsatisfactory theory of Volta as to its source ; 
another list, mostly chemists from Nicholson and Carlisle to Davj' 
and Faraday, sought to determine the source of the current To 
trace the development of modern theories historically would demand 
following both of these lines of research ; time forbidding this, we 
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will consider but a few of the more important discoveries in each 
field as required. 

Sir Humphry Davy succeeded in decomposing the fixed alka- 
lies in a fused condition ; the separation of the elements from their 
compounds was by him demonstrated in many experiments. 

Before proceeding, however, it may be well to define a few 
terms used in discussing electrolj'sis and recall a few of its phe- 
nomena. 

By electrolysis we mean the chemical changes which result from 
passing an electric current through a compound, usually in solution 
or in a state of flision. The substance decomposed is called elec- 
trolj'te. The batterj" terminals, or source of current, connected 
by the electrolyte, are called Electrodes, — the one bringing the 
current to the electrolyte the Anode, the one carrying it away the 
Kathode. As a result of the difference of potential of the elec- 
trodes, the materially different constituent parts of the electrolyte 
are impelled to move towards the electrodes ; these wandering 
particles are called ions ; those gathering about or moving towai-ds 
the anode, anions ; those about the kathode, kathions. The chemi- 
cal changes are observable only at the electrodes. Taking as a 
simple case, ordinary h3'drochloric acid, — a compound of hydrogen 
and chlorine dissolved in water, — the passage of the current causes 
chlorine to appear at the anode and h3*drogen at the kathode. The 
hydrogen and chlorine, while in the solution finding their way to 
the electrodes, are ions; the chlorine-anion, the h3-drogen-kathion. 
In many cases the action is not so simple. The electrolj'tic de- 
composition ma}' be accompanied by chemical action occurring 
subsequent to or simultaneous!}- with the appearance of the ions at 
the electi*odes ; the substance formed differing from the ions actually 
carried to the electrode. Changes of this character considerably 
complicate the problem, and make the correct interpretation of ob- 
served phenomena difficult. This general law may, however, be 
enunciated : An electrolyte under action of the current is split into 
two and only two parts, atoms or groups of atoms, no matter how 
complex its structure may be. These atoms or atomic groups thus 
separated are similar to the ones which exchange places in the 
ordinary chemical reactions. This early observed law led to the 
theory advocated by Berzelius, that all salts consisted of two 
atomic groups, one acid, the other basic, — erroneous, in that the 
chemical changes subsequent to the electrolytic action were not 
properly understood. 
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The wondering attention of earl}' investigators had been directed 
to the carious phenomenon that the snbstances resulting from elec- 
trolysis appeared only at the electix>de8 and were not recognizable 
in the solution between the electrodes. The various theories pro- 
pounded to explain this vied witli one another in improbability. 
The difficulty of explaining this behavior satisfactoril}' seems to 
have led to the abandonment of the problem until, in 1S05, Charles 
J. D. Freiher von Grothuss propounded a theory which gave a 
sufficientl}' reasonable explanation to be adhered to for fifty years, 
even quoted to-day in many text-books. Grothuss conceived that 
each molecule of a chemical compound acted like a conductor con- 
sisting of two parts capable of being separated ; these molecules 
acted upon inductively by the charged electrodes, one group would 
become positively charged, the other negatively, the nature of the 
charge being determined by the character of the group, being acted 
upon by attractions and repulsions varying inversel}* as the square 
of the distance from the electrodes, the electrified end particles 
would be attracted to the electrodes ; the remaining groups by 
separation and recombination would at once form a new series of 
molecules as before the action, ready for a repetition of the process ; 
no freely charged groups thus remaining in the mass of the solution 
between the electrodes. This theory demands that the electrical 
forces between the plates vary inversel}* as the square of the dis- 
tance ; that when the force reaches a certain definite magnitude 
the groups will be separated ; a further consequence is that when 
this critical force is attained all or a very great number of groups 
will be separated instantly, for if this attraction be equal to the 
force holding the groups together, the whole mass will be in un- 
stable equilibrium, and any increase will cause complete separation 
of all groups. 

Important experimental contributions followed one another 
rapidly, batteries were perfected, man}' physical actions of the 
electrical current were studied, the action of the current upon 
magnets was discovered, measuring instruments for quantitative 
work were invented, Ohm's law was enunciated, etc., so that when 
Michael Faraday, Sir Humphry Davy's man of all work and his suc- 
cessor at the Royal Institute, with matchless experimental genius 
and wonderful breadth of view, attacked the problem of electro- 
chemical action, he had at liis command the means for quantitative 
work in this field which enabled him to discover and formulate 6ne 

A. A. A. S., VOL. XLV. 3 



34 SECTION B. 

of the most important laws of electrol3*si8. Faraday's charming 
directness and clearness in the exposition of his work and results 
contrast refreshingly with the prolix, flower}', and mystifying style 
of his immediate predecessors ; it at once stamped him a master of 
the subject treated. Faraday's original notes are well worth study- 
ing ; they may be taken as models to-day by many who essay to 
record experimental results and conclusions. Confusion in terms 
and errors in inferences occurring in his work are well excusable ; 
from our more extended and accurate knowledge, we are inclined 
to be unfairly critical. A review of Faraday's work in electrolysis 
alone would be interesting, for in it we may see foreshadowed many 
important points in the theones of to-day, though Faraday himself 
scarcely appreciated them. 

The most important laws Farada}' contributed to the behavior of 
electrolytes acted upon by a current are stated thus : — 

The amount of chemical decomposition in electrol3'sis is propor- 
tional to the current and time of its action. 

The mass of an ion liberated by a definite quantity of electricity 
is directly proportional to its chemical equivalent weight. 

The quantitj' of electricity which is required to decompose a cer- 
tain amount of a certain electrolyte is equal lo the quantity which 
would be produced by recombining the separated ions in a batter}'. 

The last law, clearly showing the reversibilit}' of the process, 
at once makes the problem one capable of theoretical treatment 
from the standpoint of conservation of energy^ and has brought 
most abundant fruit in later years. Faraday, in the main, accepted 
Grothuss' hypothesis, differing from him in the conception of the 
character and manner of action of tlie forces. Faraday showed 
experimentally, by measuring the change of potential between the 
electrodes, that Grothuss' conception of attracting and repelling 
forces, varying inversely as the square of the distance, was unten- 
able ; he (Faraday) assumed that through the action of the elec- 
trodes the chemical aflSnities of the combined ions were so changed 
or weakened that they acquired a greater attraction for the plates 
and their neighboring opposite ions ; that decomposition and recom- 
bination occurred along the entire line. With Grothuss, he assumes 
that each liberated ion has a definite quantity of electricit}' belong- 
ing to it. This theor}' then demands that the action of the con- 
stituent parts of the electrolyte extend to considerable distance, 
and that the effect of the electrode is to modif}' or weaken the 
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chemical affinity between the groups so that decomposition results. 
Faraday leans to the opinion that chemical and electrical forces are 
identical, and in considering the reversibilit}' of the process becomes 
an advocate of the chemical theory of the Voltaic cell. 

Faraday, though somewhat confused in his nomenclature, brings 
out ver}' clearl}' the relations between quantit}- of electricit}* and 
quantity of material separated, and electrical potential and chemical 
affinity, though at that time the concept of energy and work done, 
as a function of both potential and quantit}' of electricity, was not 
clearly established. 

To review the work of Faraday in electro-chemistr}' alone, and 
the influence it had in the development of the more modern theories, 
would i-equire more time than is allotted to us ; the most important 
contribution on this subject has alone been mentioned. 

In 1851 Williamson, from purelj' chemical evidence in the man- 
ner of the formation of some ethers, was led to believe that in solu- 
tions there is a constant interchange of atoms or groups of atoms 
between molecules, equivalent to dissociation and recombination, a 
view differing from those previously' held, where this condition was 
supposed to be brought about by the action of the electric current. 
Williamson made no application of this conception to electrolysis. 

Clausius, in 1857, applying the ideas growing out of the Kinetic 
Theorj' to solutions, points out the weaknesses of previously advo- 
cated theories ; he shows that Grothuss* hypothesis, as well as its 
modifications by Danicll and Farada}', are not in accord with experi- 
mental results from accurate measurements. He shows that the 
h3'pothe8is that the decomposition or tearing apart of the groups of 
atoms in the molecule by the electric forces, before transfer of elec- 
tricity takes place, is untenable. 

Clausius assumes that the molecules in the liquid stored with 
energy move with var3'ing velocities; that collisions will occur 
which may cause the separation of the molecules into atomic groups 
for a short time ; that during the perioil of separation these groups 
charged with opposite kinds of electricity peculiar to the groups will, 
under the influence of the electrode, be directed towards the elec- 
trodes in their path and thus become carriers of electricity ; he 
ascribes to the liquid the conditions of dissociation due to fortuitous 
impacts always occurring, whether the solution be under the influ- 
ence of external electrical forces or not ; that the function of the 
electric forces is but directive, the effect being the disturbance of 
the internal kinetic equilibrium. 
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The principle of the conservation of energy, developed and 
applied in thermodynamic relations, influenced the manner of look- 
ing upon and interpreting electro-chemical processes. The most 
prominent names associated with the application of this great prin- 
ciple are Joule, Helmholtz, Willard Gibbs, Thomson, Boscha, Favre, 
and others. Much attention was now given to the problem, What 
is the cause of the electromotive force? The distribution of the 
enei-gy in the electric circuit, including batterj-, electrolytic cell, 
and conductors, was investigated in the light of the energy concept, 
and attacked from the mathematical or dynamical side. Weak- 
nesses in older theories were glaringly revealed if searched in the 
light of this principle. The dependence of the electromotive force 
upon the entropy term in the equations was shown, and its conse- 
quent variation with temperature. 

The contributions of Willard Gibbs in this field are the most 
important, though scarcely appreciated; published in the Trans- 
actions of the Connecticut Academy, 1876-78, they were not very 
accessible and not generally known. This great work anticipated 
the many discoveries since made experimentally in a manner all 
but final in its comprehensiveness and completeness, opened out 
and suggested experimental investigations only partially undertaken 
and beginning to be carried out to-day. Why it was and is not 
more fully appreciated is probably due to its concentration ; in the 
compass of some 300 pages and in 700 equations the entire subject 
of molecular dynamics is treated. The treatise was too rich to be 
grasped in its day ; it is onl}- beginning to be properly estimated 
twenty years after its first appearance. 

About 1853 Hittorf quantitativel}- investigated, with great care, 
the change of concentration in solutions of electrolytes about the 
electrodes when a current passes. This phenomenon had been 
noticed and studied to some extent by Daniell and others, without, 
however, having been made use of in explaining the nature of electro- 
lytic action. Hittorf s studies and conclusion bring us into the very 
midst of the modern views of electrolj'sis. Taking a simple case, let 
two electrodes of copper be placed vertically one above the other in 
a solution of copper sulphate, and pass a current through the cell 
making the lower plate the anode ; no very noticeable change occurs 
other than that copper is dissolved at the anode and deposited at the 
kathode ; if after the current has passed for a short time it is inter- 
rupted and the electrode short circuited through a galvanometer, a 



ADDRESS BT CABL LEO MEES. 37 

current will for a short time flow in the <iel\ from kathode to anode, 
that is, in a direction opposite to the one which has passed through 
in electrol3'zing. The counter-electromotive force in this case can- 
not result from polarization at the electrodes, for no change has 
been brought about at their surfaces, such as a gas deposit in the 
case of decomposition in acidulated water with platinum elec- 
trodes. If the electrol3zing current be continued for some time it 
will be seen that the solution about the anode has become more 
concentrated and more dilute about the kathode ; the total quantity 
of copper salt in the solution having, however, remained the same, 
the counter-electromotive force above referred to is due to this 
change in concentration. 

Hittorf, from 1853 to 1859, examined in a most careful manner 
the behavior of man}* electrol3'tes, and by a series of analjses of 
the solutions determined this change of concentration due to the 
passage of the current. His patient labor has onl}' within the last 
few 3ears received proper recognition. 

All theories which so far had sur>'ived the test conceived that 
the electricity was conveyed by a migration of particles, called 
ions b3- Faraday ; whether these particles received their changes by 
contact with the electrodes or contained definite inherent quantities 
of electricit3% the charges being the same for all ions, need not be 
considered at this time. 

The first step toward the decisive establishment of the fact of the 
migration of the ions towards the plate would be an experimental 
measurement of the rate of migration ; this was accH^mplished by 
Hittorf, and led to the enunciation of these laws : — 

1. The change in concentration due to current is determined b3' 
the motion which the ions have in the unchanged solution. 

2. The unlike ions must have different velocities to pro<luce such 
change in concentration. 

3. The numbers which express ionic velocities mean the relative 
distance through which the ions move between the salt molecules, or 
express their relative velocities in reference to the solution, the change 
in concentration being a function of the relative ionic velocities. 

Hittorfs analyses enabled him to give their numerical values. 
A great man3' such have been made by him, Nernst, Loeb, and 
others ; these results show that in dilute solutions the relative ve- 
locities of the ions are indei)endent of the difference in potential 
between the electro<les (if the current be steady), and that they are 
only slightl3' affected by temperature. 
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Hittorf points out that a knowledge of the speciflc resistance of 
electrol3'tes should give valuable information in reference to the 
nature of electrolytic action. Horsford, Wiedemann, and Beez 
made such measurements ; their methods were, however, imperfect ; 
it remained for P. Kohlrausch to devise a method, using an alter- 
nating current, b^' means of which accarate results were obtained. 
Itohlrausch's work shows an amount of patience mnd experimental 
skill rarely found ; his contributions will remain classicaL In ooo- 
nection with Hittorfs work, Kohlrausch recognized that, accord- 
ing to Faraday's law, the conductivity should be represented by 
sums of the velocities of the ions, each carrying its electric charge. 
Thus, having from experimental data on conduction the sum of 
the velocities, and from Hittorfs migration constants based upon 
changes in concentration the ratio of the ionic velocities, the 
absolute velocities of the ions would be calculable. Inasmuch as 
the quantities he was to deal with were groups of atoms or mole- 
cules he determined at once to make the molecule his unit of quan- 
tity-, and not mass alone. This expedient simplified the comparison 
of results and has been neglected by physicists. The comparison 
of results obtained by making the molecule the unit revealed at a 
glance relations between the physical behavior of different sub- 
stances which would have been obscure if the mass had been 
chosen as unit. The selection of the most convenient proper nnit 
is of great importance in the interpretation of results and the enun- 
ciation of physical laws. 

Kohlrausch expressed the concentration in gramme molecules 
l^r unit volume of solution, the unit solution containing a number 
of grammes of the electrolyte equal to the number expressing the 
chemical equivalent on the h3-drogen scale, in one litre of water. 
The measurements were then made upon solutions, the relative 
numbers of molecules in which were known. The ratio between 
the conductivity and the number of gramme molecules contained 
in the solution will then give molecular conductivities. 

The results of such measurements show that as dilution in- 
creases there is an increase in molecular conductivity, that in very 
dilute solutions it approximates a limiting value. This increase of 
conductivity is considerable for bad conductors, less so for good 
conductors. The limiting value in dilute solutions of good con- 
ductors can be reached. In bad conductors, even at the extremest 
dilution accessible to measurement, the molecular conductivity is 
still far from the limiting value. 
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Id general there is an increase of conductivity with increase of 
temperature, usuallj* amounting to about two per cent |)er degree 
Centigrade. 

The conductivit}* of equivalent quantities of neutral salts is of 
much the same order of magnitude, usuallj' reaching the limiting 
value at a dilution of ^^^^j^ gramme equivalent 

From Kofalrausch's numerical values and Hittorfs constants, the 
absolute velocit}' of a large number of ions was calculated. It 
appears from this, that the velocity of the ion in very dilute solu- 
tions depends onl}- upon its own nature, and not upon the nature of 
the ions with which it may have been associated ; thus the velocity- 
of the chlorine ion was found to be the same when determined from 
solutions of KCl, NaCl, HCl, etc. 

This impoitant general law was also found, that the conductivities 
of neutral salts are additively composed of two values, one depend- 
ing only upon the metal or positive ion, the other upon the acid 
radical or negative ion. According to this law the conductivity of 
a neutral salt can be calculated from a knowledge of the velocities 
of the ions independently, a test which has been applied in man}* 
cases with very satisfactory results when checked experimentall3% 
For quite a number of compounds, however, the computed results 
were much too high, an abnormalit}' to be discussed later. This 
law confirms the idea of independent migration of the ions. 

Kohlrausch's numbere expressing velocities were checked by 
some exceedingly ingenious experiments by Oliver Lodge and 
Wetham ; by a change in the color of the solution separated into 
two layers the migration of the ions could be directly measured. 
These results agree surprisingl}- well with Kohlrausch's, considering 
the widely different conditions and the difficulty of measurement. 

About 1887 electro-chemistry entered into a new stage of prog- 
ress; the central figure among those who were mainly active in 
bringing about this development was Swante Arrhenius, who, to- 
gether with Ostwald and others, advanced a theory of electrolytic 
action, explaining very satisfactoril}' many well known phenomena. 
An-henius' theory involves the general idea contained in the theory 
of Clausius and Williamson, namely, that the solution contains the 
electrolyte dissociated into ions before the current is forced through 
it. Arrhenius adds that this dissociation is effected by solution or 
fusion, and that the ions contain charges of positive and negative 
electricitj' dependent upon their nature, but of equal quantity in 
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every ion. While in this state, that is, as ions, they move in an 
irregular manner between the molecules of the solvent and the 
undissociated molecules of the electrolyte, now attaching them- 
selves to one another and again separating, upon the whole main- 
taining a condition of kinetic equilibrium. As soon as brouglit 
under the influence of the electrodes of different potential, the}* are 
impelled in definite directions, the anions towards the anode, the 
kathions towards the kathode. 

The firat work done by the current is the overcoming of the vis- 
cous resistances of the medium, not an inconsiderable amount ; 
thus a portion of the energy of the current is frittered into heat. 

At the electrodes another kind of work has to be done ; either 
the charges have to be removed from the ions, changing them into 
the molecular condition, or new ions must be produced from the 
material of the electrode and the solvent, for kathions arriving the 
formation of anions, or for anions, kathions. 

Undissociated molecules of the electrolyte take no part directly 
in electrolysis, except in so far as the}- may alter the viscous resist- 
ance of the solution. 

The fact that molecular conductivity increases with dilution 
means that, as infinite dilution is approached, complete dissociation 
or ionization of the electrolyte is effected. 

The ratio between molecular conductivity at greater concentra- 
tion and infinite dilution expresses the degree of dissociation or 
ionization. The conductivity' can alwaj's be expressed b}- the sum 
of the velocities of the ions into a coefficient expressive of the 
degree of dissociation: C =: A (u+v). In the limiting case 
A = l, and the conductivity is measured by the sum of the ionic 
velocities ; this is in accord with Kohlrausch's law. 

One of the important points in this theorj' is that solution effects 
dissociation. Chemicallj' pure substances, such as HCl in the liquid 
state, should not be electrolj'zed ; such is found to be the case. 
The curious fact that pure HCl and pure water alone are non-con- 
ductors, but become electrolytic conductors when mixed, is not 
rationally explained other than that dissociation results. Whj- it 
takes place, we do not know ; that some change in the associated 
energy always takes place, we do know. In general, unless some 
chemical change occurs, solution is accompanied by refrigeration, 
except in the case of gases. It is probable, then, that some of 
the heat energy taken from the mixture is concerned in this 
dissociation. 
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In the case of fased substances beat may be a considerable fac- 
tor in dissociation. 

The question whence come the electric chai'ges upon the ions is 
not solved. Whether they are inherent in the molecule and become 
free by ionization, or whether they result from the work done upon 
the molecules in dissociation, is not known. Some progress has 
been made towards the solution of the question by Ostwald, who 
succeeded in measuring the heat energy* of ionization in a few cases. 
This problem is one that should be carefullj* studied. 

An objection to the theory of the existence of free ions in a solu- 
tion has been urged fron) the chemical side, namely, that the ions 
possess different properties from the atoms, or atomic groups. It 
seemed remarkable that a potassium ion should be capable of exist- 
ing in water without combining with the ox3'gen, as would be the 
case in the ordinary atomic or molecular condition. If we consider, 
however, that the amount of associated energy in the two condi- 
tions is different, it is not difficult to imagine different pro(>erties. 
We know, for instance, that negativelj' charged zinc will not act on 
hN'drochlonc acid ; that several elements exist in well known allo- 
tropic conditions, showing quite different properties. We explain 
this by different amounts of associated energy, which, in some 
cases, is quite measurable. 

The difficulty of applying Ohm's law in the case of Grothuss' and 
Faraday's theories disappears in case of the dissociation theor}' ; it 
rather becomes a necessarj' consequence of it. 

Considering now a few phenomena not directly involved in elec- 
trolysis, evidence in favor of the dissociation theory may be found. 

Substances form solutions when a homogeneous mixture results, 
the constituents of which cannot be separated b}' mechanical means, 
the proportion between the parts being continuously variable 
between certain limits, with a corresponding continuous variation 
in properties. 

According to the state of aggregation of the dissolved substance 
before solution, energy changes usualh' become apparent, either in 
temperature changes, contraction of the volume, or the like, when 
solution is affected. As a rule, such energj' changes occur in the 
same sense when solutions of different concentrations are mixed, 
until a point is reached, with very dilute solutions, when they no 
longer are observable. The substance in the solution is then very 
small in amount as compared with the solvent. 
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It is a well known fact that when •olutions of different concen^ 
tration are carefull}* superposed, the molecules of the dissolved sub- 
stance pass from the more concentrated to the more dilute solution, 
until finallj' a anifonn degree of concentration is attained, when a 
conditioo of kinetic equilibrium is maintained. This diffdsion phe- 
nomenon in liquids is similar to that in gases, only it progresses 
much slower. In the case of gases the d3'namics of the process is 
pretty well undei-stood and satisfactorilj* explained by the kinetic 
theory, the mixture of the gases resulting from the projectile energy 
of the molecules. In the case of liquids it has been variously 
explained ; in general, however, the molecular attraction between 
the solvent and the dissolved substance has been assumed as the 
cause. Van't Hoff has recently offered an explanation along the 
same kinetic lines so satis fac tori I3' applied in gases. The force 
tending to produce diffusion must be measurable as a pressure, if 
it exist; if, then, the two solutions are separated by a semi-per- 
meable membrane which will allow but one of the two constituents 
to pass, this pressure will become measurable upon the membrane. 
The production of such semi-permeable septa is a matter of ver^' 
great difficulty, but has been accomplished to a very perfect degi-ee 
for some substances. The general method of making such measure- 
ments is familiar to all physicists. Traube, Pfeffer, De Vries, 
Tammen, and Pringsheim, from 1867 to 1885, have succeeded in 
producing semi-permeable membranes of great perfection, and with 
improved apparatus have made many measurements of ver}' satis- 
factory character. These results show that equi-molecular solutions 
of non-electrolytes show equal osmotic pressures. The osmotic 
pressure is directly proportional to concentration (expressed in 
gramme equivalents). The osmotic pressure is proportional to the 
absolute tempemture. 

The similarity of these laws to those of gaseous pressure is at 
once apparent. Van't Hoff further, upon the bases of absolute 
measurements and the applications of the ordinar}' equations for 
properties of gases, enunciates the law: That the molecules of 
the dissolved substance exeit pressures in osmotic action, equal to 
the pressure which would be exerted by the same number of mole- 
cules in the gaseous state upon the sides of a containing vessel of 
the volume of the solution, the temperatui*e remaining the same. 

Osmotic pressure seems then to be merely a molecular kinetic 
effect On this assumption thermodynamic considerations led to 
the same result as experiment. 
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The first two laws of osmotic pressure could be satisfactorily ex- 
plained under the ordinary supposition of molecular attraction ; the 
last two, however, are difficult to reconcile with any explanation 
other than the one that the pressura is due to molecular impact. 

The osmotic pressure of electrol^'tes is considerably greater than 
that of non-electrolytes ; in dilute solutions, however, they follow 
the same laws of variation. In quite a number 6f binary com- 
pounds it is just twice as great numerically as in the non-electro- 
Ij'tes. The behavior is as though the number of molecules 
oootained in the electrolyte solution per gnuaine eqaivmleot was 
greater tiian in iKHH^eofcioljtn. If we imftgtnc that solution has 
dissociated the molecule into two groups, the anomaly is easily 
explained. There is evidence here, independent of electrolytic 
behavior, that electrolytes are dissociated in solution. 

Blagden, as early as 1788, recognized that salts in solution 
lowered the freezing point of water ; his experiments were made 
mainlj' on sea water. He found that in very dilute solutions the 
lowering of the freezing point was very nearly proportionate to the 
amount of substance dissolved. Riedorf, Coppett, and Raoult 
carefull}' studied the subject, and found that the molecular depres- 
sion of the freezing point was equal for salts of similar composition. 
For non-electrolytes, equimolecular solutions of different salts gave 
very nearly the same values, showing that the effect was purely a 
molecular one, independent of the nature of the substance. 

The problem may be treated from the dynamical point of view 
upon this supposition. Knowing the osmotic pressure and imagin- 
ing the change in state in the nature of a reversible cycle, the 
necessary energy changes are calculable. The depression of the 
freezing point calculated in this wa}' for a number of substances 
gave values closely agreeing with experiment. The evidence that 
this effect is purely a molecular kinetic process is very strong. 

Electrolytes cause a depression of the freezing point, experimen- 
tally determined, far greater than non-electrolytes ; we have here 
another evidence of dissociation b\' solution. 

The investigation of the effect of substances in solution upon va- 
por pressure and boiling point made by Berthelot, Beckmann, Raoult, 
Ciamician, Ostwald, and others, lead to precisely similar laws. 

We may summarize these laws thus : — 

£qui-molccular solutions of diffei'ent substances made with equal 
masses of the same solvent show equal osmotic pressure, equal 
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sion, katbions will be projected apon the plate and made metallic, 
the electrode becoming positively charged and the solution nega- 
tively ; similar to the action which takes place when a solid salt is 
brought into contact with a supersaturated solution where salt par- 
ticles will be deposited. 

The determination of the relative values of solution pressures is 
comparatively simple, the determination of their absolute values verj- 
difficult. In the case of mercury and a saturated solution of calcium 
chloride, the absolute value has been determined with considerable 
accuracy from the effect upon tension phenomena in the mercury 
surface, fully discussed by Lippman, Helmholtz, and Paschen. 
Ostwald and Planke obtained values b}' two methods based upon 
this action agreeing very well. With this value as a basis, others 
have been determined. Applying those values experimentallj' ob- 
tained, together with the ones for osmotic pressure, in calculating 
the electromotive force of a number of well known cells, an excellent 
agreement with experimentally determined values is found. 

It will be impossible in this review to apply these theories to the 
various forms of batteries known, and to many phenomena of elec- 
trolysis which we have no space even to mention ; the theories 
briefly reviewed have borne rich fruit in the more satisfactor}* 
explanation of electrolytic action. Many problems still remain to 
be attacked, while some have been but now appreciated. 

The development of the solution and dissociation theories gives 
no explanation of the forces and conditions which cause solution or 
ionization, though some attempts have been made in this direction. 
Thus, J. J. Thomson has shown that, if the attraction between 
the ions in the molecule is due to electrical forces, it will be 
weakened if the molecules be immersed in a medium of high spe- 
cific inductive capacit}*. Experimental evidence, in so far as it 
goes, shows that in liquids of high specific inductive capacit}' 
ionization is most complete. This is one of the problems to be 
systematically studied. 

With the solution of the older problems new ones present them- 
selves. This is the effect of any comprehensive good theory. 
Man}- new problems in molecular physics and electrolysis are sug- 
gested through Arrhenius*, Van't Hofl's, and Nernst's theories. 
Their development and solution will not be one of chance, however, 
to be stumbled upon bj* daring or blind groping, but by intelligent, 
painstaking research. A bird's-eye view of the field is given us 
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through these theories ; in filling in the detail and contours, the 
chance explorer must give way to the systematic investigator. 

Until within the last three or four 3'ears, the systematic and 
careful amassing of experimental data for building up or verifying 
these theories was done by a few European workers, mostly chem- 
ists ; since Willard Gibbs' theoretical work bearing upon this sub- 
ject, scarcely a single addition of importance has come from 
American workers ; in fact, it seems that much of the work done 
abroad is scarcely known to American physicists. It is to-be 
regretted that in the histor}' of the development of this branch of 
electrical science hardly an American name will appear. 

There remains, however, much to be done, and contributions 
fi*om this side will, I trust, be made. 

Whether electrolytic action ever occurs in solids is a question 
which I do not believe has been definitelj* settled. If such action 
ever does take place, the theories just considered will have to be 
modified. Some very curious phenomena in glass, subjected to the 
action of the electric currents, have been noticed ; the claim has 
been made that glass has actually been electrolyzed, though the evi- 
dence so far is not conclusive. The very interesting changes of 
conductivity with variation in temperature, exhaustively studied 
by Thomas Gray, indicate molecular changes which may be due to 
dissociation. The form of the equation for change in c*onductivity 
with temperature shows a maximum, with reversal, considerably 
below the fusing point. A similar peculiarit}* is noticed in alloys. 
The systematic stud}* of this seems important 

Careful study of heat absorption when salts are dissolved should 
be made. Much work has been done in this direction. A careful 
examination and comparison of results, however, convinces one 
that the methods and manner of conducting the investigation must 
have been widel}* different, for the results vary in a most astonish- 
ing manner ; at any rate, definite conclusions cannot be based upon 
them. If ionization requires energy, it is more than likely that 
some will be taken from the solution in the form of heat. In very 
dilute solutions dissociation of the electrolyte seems complete, 
while in concentrated solutions it is incomplete. A careful determi- 
nation of the heat absorption per molecule, when the salt is dissolved 
in concentrated or dilute solutions, might give valuable results. 
The problem is very complicated, yet it should be attacked. 

That gases can conduct electrolyticall}' seems fairly certain. 
'This field is scarcely entered, and may well be studied. 
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The peculiar behavior of charged plates under the influence of 
violet light seems likely to involve electrolytic action, and bear 
upon dissociation questions. 

So multitudes of problems suggest themselves, the stud}' of which 
ma}' tend to cr3'stallize the theories of dissociation and solution, so 
promising at this time, into more perfect form. It can scarcely be 
doubted that the remarkable connection evident when the phe- 
nomena of solution, modification of freezing and boiling point, 
osmotic pressure, optical rotation, chemical equilibrium and stabil- 
ity, metatlietical reaction, thermal neutrality, electrical conductivity, 
and electrolysis are considered, taking the molecular equivalent 
mass as the unit, indicates a very near relationship of these pro- 
cesses. The power of Arrhenius* dissociation theory, Van't Hoff's 
solution theory, together with the conceptions of Hittorf, Clausius, 
Nernst, and Ostwald in explaining the dynamics of molecular 
action, is most promising. Whether more accurate and more 
plentiful quantitative studies of these so closely related phenomena 
will lead to closer concordance or greater divergence of the numeri- 
cal values obtained, and thus strengthen or reveal weaknesses in the 
theories, must remain to be seen. 

These theories, if fastened, will have a marked influence both 
upon the chemical and physical conceptions of the structure of 
complex molecules. They seem to demand essentially a condition 
of kinetic equilibrium between molecules and atoms ; inter-atomic 
distances we shall have to consider greater than was our wont ; 
atomic and molecular influences must extend to considerable dis- 
tances. Geometrical static arrangement of atoms or groups 
of atoms seems incompatible with their behavior. The relation 
of atoms in the molecule seems rather to be orbital, permitting of 
ready rearrangement and readjustment b}* relatively slight disturb- 
ing causes, capable of returning to former relations promptly, in- 
volving various quantities of enei^y. All our inferences in reference 
to molecular magnitudes will have to be interpreted as effective 
merely, and not actual in the sense of space occupied. 

The one central pillar upon and about which all physical science 
is erected to-day, the conservation of energy, stands unchanged, 
and, if possible, more clearly defined and strengthened than ever in 
these tests. 

I repeat, may American physicists take up these problems and add 
their share to the development of these epoch-making theories. 
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THE ACHIEVEMENTS OF PHYSICAL CHEMISTBT. 



^'Physical chemistry is the chemistry of the future." These 
words, quoted from an address by Professor Du Bois-Reymond, 
were used by Ostwald ten years ago in the introduction to the 
first number of the Zeitschrift f iir physikalische Chemie. In using 
these words Du Bois-Reymond looked forward to a time when it 
shall be possible to give a mathematical expression to all forms of 
chemical knowledge. The picture in his mind seems to have been 
that of a sort of astronomy of the atoms, in which the motions 
and forces within the molecules shall be known very much as are 
the motions and forces within the planetary system. 

So far as any practical realization is concerned, the thought is 
still only a poetic fancy, and whatever progress, if any, may have 
been made, comes to us from organic rather than from physical 
chemistry. Indeed it seems to have become the fashion on the 
part of several leaders in physical chemistry to speak slightingly 
of the atomic and molecular theories. Their thought appears to 
be that it would be better to confine ourselves to the purely em- 
pirical and mathematical concept of the atom and molecule and 
leave the idea of particles which have an actual independent exist- 
ence entirely in abeyance. It would doubtless be possible to give 
such definitions of atom and molecule as shall include only the 
results of our actual empirical knowledge and mathematical de- 
ductions therefrom. Such definitions would stand on a basis which 
is incontrovertible, and it is inconceivable that even the overthrow 
of the atomic theory, or any knowledge which may be gained in 
the future as to the nature of matter, could change them. 

(56) 
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That Buch definitions possess great valae is certain ; and that 
it is very important to distinguish sharply between our positive 
knowledge and speculations and theories based on that knowledge, 
every one will admit ; but, after all, unless we join that school of 
philosophy which teaches that there is no real existence outside of 
our own minds, there is some reality at the basis of and behind 
all the phenomena which we investigate. And it is the province 
of science to find out the truth about every real existence of 
which we can secure any tangible Evidence. Our knowledge of 
atoms and molecules as actually existing particles is, doubtless, a 
purely speculative deduction from a multitude of diverse phenom- 
ena and yet the mental picture connected with the concept has been, 
and still continues to be, of very great value in the development 
of our science. These mental pictures are vague and in many re- 
spects incomplete, it is true, and they doubtless do not corre- 
spond closely to the real existences for which they are, at present, 
our best expression ; but, to one familiar with the very practical 
results which have been obtained in the domain of structural chem- 
istry, it is diflScult to conceive how such results would have been 
possible without their use. 

While physical chemistry has made little or no apparent prog- 
ress toward the goal marked out by Du Bois-Reymond, its practi- 
cal achievements during the last ten or fifteen years have been 
very considerable and it is to these practical achievements that I 
wish to turn our attention. 

Whenever the subject of physical chemistry is mentioned our 
thoughts naturally turn to the subject of solutions. Not that 
physical chemistry has to do only or chiefly with solutions, for, as 
I understand it, physical chemistry has to do with all of those 
physical properties of matter which can only be understood by 
taking into consideration at the same time its composition ; but 
rather because some of the most valuable results of physico- 
chemical researches have been in this field and because diversity of 
views has made this the chief recent battle-ground in chemistry. 

Up to about eleven years ago our knowledge of solutions was 
almost entirely of an empirical character. No great generalization 
similar to those which had long been known for gases had been 
discovered. In 1886 J. H van't Hoff^ proposed his theory of os- 
motic pressure. The empirical basis for this theory lay in the ex- 
perimentB of many different workers, some of them made many 
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years before. Studies in osmose date from the early years of this 
centnry and, indeed, some experiments were made more than 
a century ago. It was not, however, till 1867 that the discov* 
eiy of true semi-permeable membranes was made. In that year 
M. Traube^ showed that membranes may be prepared which 
will readily aUow the passage of water but which are totally im- 
pervious to certain substances in solution. Ten years later W. 
Pfeflfer^ conceived the idea of preparing such membranes in the 
interior of a solid partition. By exposing a cup of porous porce- 
lain to the action of a solution of copper sulphate on one side and 
of potassium ferrocyanide on the other, a precipitate is formed 
within the mass of the porcelain which is permeable to water bat 
which is impervious to the passage of sugar and of many other 
substances. With such cells the osmotic pressure was measured 
and was found to be surprisingly great. For a one and a half per 
cent solution of saltpeter it is more than three atmospheres ; for 
sea water it would be about twenty atmospheres. Pfeffer*s experi- 
ments were made with reference to their bearing on the action of 
organic cells and on other physiological questions and it was eight 
years later before their extraordinary theoretical importance was 
pointed out by van*t Hoflf . 

A careful study of the experimental data given by Pfefler and 
others leads to the following conclusions : 

First, the osmotic pressure is directly proportional to the con- 
centration of the solution. 

Second, the osmotic pressure is directly proportional to the ab- 
solute temperature. In establishing this law the experiments of 
Soret* are of especial interest. He subjected a solution of copper 
sulphate, contained in a vertical tube, to a temperature of 80® near 
the top and of 20° at the bottom. Under these circumstances the 
concentration increases below and diminishes above. After equi- 
librium was established it was found that the per cent of copper 
sulphate in the two parts of the solution was inversely as the ab- 
solute temperature. The analogy with what would take place in a 
gas under the same conditions is clear. 

Third, solutions which are isotonic at a given temperature con- 
tain in unit volume the same number of molecules of the dissolved 
substance. Another statement of the same law, which gives it 
also a quantitative expression, is, that the osmotic pressure of a 
solution is the same as though the dissolved substance existed as 
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a gas within the same space. The osmotic pressure of a one per 
cent solution of sugar may be calculated by the same formula* 
which we should use to calculate the pressure exerted by one 
gram of a gaseous body having a molecular weight of 842 and 
contained in a volume of 100.6 cubic centimeters. 

Every one recognizes, of course, that the laws which have been 
given for osmotic pressure are identical with the laws of Boyle, 
of Charles and of Avogadro for gases. Van't Hoff pointed out 
this analogy very clearly but he did not give any clear explana- 
tion of what he considered as the real cause of the phenomena 
of osmose. He spoke, from the purely empirical side, of the at- 
traction which the solution exerts for pure water.* Ostwald in 
his Lehrbuch<^ is even more careful. He speaks of the cell as 
conducting itself as though there is within it a partial vacuum for 
water. These expressions are very similar to those of the older 
text-books which speak of the expansion of gases as due to the re- 
pulsion of their particles for each other, and appear to me equally 
misleading and unsatisfactory. In a later paper,^ in reply to a 
criticism by Lothar Meyer,^ van't Hofl gives a clearer explanation 
in terms of the kinetic theory. 

If we have a gas in a confined space and introduce into it a 
small amount of some volatile liquid, the vapor of the liquid will 
rise and fill the space very nearly as though the gas were not pres- 
ent, and when equilibrium is reached the pressure will equal the 
original pressure of the gas plus the vapor pressure of the liquid. 
The explanation is that the pressure exerted on the surface of the 
liquid by the gas is not that of continuous matter, but is due to the 
bombardment of its surface by particles of discontinuous matter. 
The particles of the liquid find ample opportunity, therefore, to 
rise between the particles of the gas. 

Let us take a second case, which has, however, as far I am 
aware, never been realized. Suppose a vessel having a waU im- 
pervious to the molecules of one gas but pervious to those of a 
second. If such a vessel, containing the first gas, is placed in an 
atmosphere of the second, the molecules of the latter will pass the 

,p 700 XT. 

342 X W-W5 X 0-1000 X *78 
In this formula, 
T = Absolute temperature. 
342 as Molecular weight of cane sugar. 
0.045 ss One-half the weight of a liter of hydrogen. 
0.1006 as Volume in liters of 100 grams of the solution 
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walls and enter the space occupied by the first, exactly as the mol- 
ecules of the volatile liquid rise among the molecules of the gas 
above and equilibrium will be established only when the pressure 
exerted by the second gas is equal within and without. The pres- 
sure within the vessel will then exceed that on the outside by ex- 
actly the pressure exerted by the gas whose molecules cannot pass 
the wall 

The case with osmotic pressure is very similar to that last men- 
tioned. Here we have a semi-permeable wall actually realized. 
For instance, we may have a wall which will allow water to pass 
freely but which is impervious to the molecules of sugar. If 
pure water be on one side of such a wall and a solution of sugar 
on the other, equilibrium can exist only when the pressure due to 
the water alone is equal on both sides ; for the molecules of sugar, 
because of their discontinuous character, can exert no influence to 
cause the molecules of water to pass one way or the other, ex- 
actly as a gas can exert no permanent effect to prevent the vapor 
of a liquid from passing upward into it. In the end, therefore, 
the pressure on the side of the solution must exceed that on the 
side of the pure solvent by the amoiint of pressure due to the kin- 
etic energy of the molecules of the dissolved substance. If we 
further suppose that this energy is the same in the liquid as in the 
gaseous state, and the laws of osmotic pressiu*e give us every rea- 
son to believe that it is, the explanation is complete. 

This explanation gives us a conception of liquids as very 
closely related to gases in many of their properties, the main dif- 
ference being that, in the liquid, the molecule does not possess 
enough kinetic energy to separate it from the mass of neighbor- 
ing molecules, although its motion within the confined space is very 
similar to that of the molecule of a gas. 

But it is not only, nor, indeed, mainly in his study of the phe- 
nomena of osmose that van*t Hoff has rendered the greatest serv- 
ice. Very few perfect semi-permeable walls are known, and os- 
motic pressures are very difficult to measure directly, so that, if 
we were dependent on direct measurements, the theory would be 
of scarcely more than theoretical interest. Van't Hoflf pointed 
out, however, that the concentration of a solution by the removal 
of the solvent, whether effected by a piston composed of a semi- 
permeable wall, by the evaporation of the solvent, or by the sep- 
aration of crystals of the pure solvent by freezing, is, in each 
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case a reverBlble process analogous to the compression of a gas, 
and that, as with all other reyersible processes, it is subject to 
the second law of thermo-dynamics. This made it possible to con- 
nect the lowering of the vapor pressure and the depression of 
the freezing point of solutions directly with their osmotic pres- 
sure. This has given an indirect determination of the osmotic 
pressure in thousands of different cases. As a practical result 
we have now at our disposal a large number of methods for the 
determination of the molecular weights of solid and liquid bodies. 

The work of Raoult^ in this field deserves especial mention, 
because he developed several methods of determining molecular 
weights from an empirical standpoint, before the theoretical de- 
velopment of the subject had been given by van't Hoff. Ra- 
oult's^ work attracted the attention of Victor Meyer, who made 
use of his methods in the study of certain stereomeric bodies 
upon which he was at work. And it is in connection with stereo- 
isomerism that the new methods of determining molecular weights 
have, perhaps, been of the greatest practical value in the develop- 
ment of chemical science ; for, without the positive proof that the 
bodies studied are metameric and not polymeric, the foundation 
for the belief that they are stereomeric would be comparatively 
weak. 

It is probably through articles published by Victor Meyer^*> and 
Auwers^i that cryoscopic methods for the determination of mo- 
lecular weights were first brought to the attention of a wide circle 
of chemists. Since then a large number of workers have busied 
themselves with the subject, partly in the development of suitable 
forms of apparatus and methods of manipulation, partly in the 
study of the scope and degree of accuracy of the laws and of 
exceptions to them. The most important of the methods devel- 
oped are those dependent on the lowering of the freezing point of 
solutions,^^ QQ the raising of the boiling point, >3 on the lowering 
of the vapor pressure,** on the determination of isotonic solu- 
tions by vegetable membranes*^ and by blood corpuscles, and on 
the lessening of the solubility of ether in water or of phenol in 
water by the addition of substances soluble in ether or phenol bnt 
not in water. In the last case the determination is either direct 
in the case of phenol, or by the rise of the freezing point of the 
water^^ owing to the withdrawal of ether from it. 

As was to be expected, the laws of osmotic pressure are sab- 
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]ect to numerous exceptions, or rather modifications, for, strictly 
speaking, no true law of nature is ever subject to an exception. 
That which, by a figure of speech, we call an exception, is really 
a modification due to the simultaneous application of some other 
law. The modifications in this case are very similar to the modi- 
fications of Avogadro*8 law which retarded its acceptance for 
neariy a half century. VapcM: densities are abnormally high on 
account of the associative tendency of molecules as in the case of 
acetic acid, or when too near the boiling point of the liquid, or low 
on account of dissociation, as in the case of ammonium chloride or 
of phosphorus pentachloride. In a similar manner the molecular 
weights of most acids when determined in solution in benzene are 
twice their normal value, while the molecular weights of electro- 
lytes dissolved in water, and sometimes when dissolved in other 
solvents, are less than we should expect. In addition to the 
modifications of the law due to association and dissociation are 
other modi^cations similar to the modification of the laws of 
Boyle and Charles for gases which are highly compressed. These 
cases have been studied and formulae for the deviation, based on 
the formulBB of van der Waals for compressed gases, have beeu 
given by Ostwald, Bredig and A. A, Noyes.^^ These formula 
give a satisfactory expression for the deviation in many cases 
of concentrated solutions. When we consider that strong solu- 
tions often give osmotic pressures of many atmospheres, and that 
the molecules of the bodies in solution are often much more com- 
plex than the molecules of most gases, it is readily seen that devia- 
tions of considerable amount may be expected. 

In 1884 Arrhenius^^ published the results of researches on the 
electrical conductivity of solutions, on which he had been engaged 
for two years. In the course of his studies he was led to the con- 
clusion that only a part of the molecules of an electrolyte are con- 
cerned in conveying the electrical current, and that it is necessary 
to distinguish between ^* active " and *^ inactive " molecules in this 
regard. The conductivity is greater, in proportion to the amount 
of the electrolyte present, for dilute than for concentrated solutions, 
and for an infinite dilution the molecules would, presumably, be- 
come all *^ active." Arrhenius pointed out, also, that there is a 
close connection between the number of '^active" molecules as de- 
termined by the electrical conductivity of solutions, and the *' avid- 
ity " of acids as determined by the thermo-chemical researches of 
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Thomsen. His first explanation of the canse of the difference be- 
tween the *' active" and ** inactive" molecules, was, however, un- 
satisfactory and was not well received. 

Shortly after, in his first development of his theory of solutions, 
van't Hoff was compelled to admit that many substances in aqueous 
solutions cause a depression of the freezing point much greater 
than they should in proportion to their molecular weights. He ex- 
pressed the deviation by the use of a factor, *' i," which is, for 
electrolytes, always greater than unity and expresses the number 
of times the depression exceeds the theoretical depression as cal- 
culated from the molecular weight. This factor was at first con- 
sidered to be a constant, but it is now known that it is variable and 
that it increases with the dilution. The obvious meaning of this 
factor is that the molecules of electrolytes are separated into two 
or more parts when dissolved in water, or other liquids which have 
a similar effect in causing electrical conductivity. But, just as 
chemists were very slow to see that the abnormal densities of am- 
monium chloride and of many other substances are due to dissocia- 
tion, so van't Hoff did not draw a conclusion which seemed to be 
so contradictory to all preconceived notions about the bodies in 
question. Arrhenius, however, saw the logical conclusion, and his 
studies had prepared him for its acceptance. As a result, he pro- 
posed, in 1887, his theory of electrolytic dissociation.^^ 

This theory, which seemed at first very improbable, has shown 
itself capable of coordinating the facts of many diverse fields of 
work and has proved more valuable in the incentive which it has 
given to research and more prolific of results than any other theory 
proposed during the last decade. According to the theory, an 
electrolyte when dissolved in water, and sometimes when dissolved 
in other solvents, is separated more or less completely into its 
ions. 

The empirical basis for the theory lies in the correspondence be- 
tween electrolytic conductivity and the divergence from the normal 
depression of the freezing point and lowering of the vapor pres- 
sure ; in the correspondence of both with the *' avidity " of acids 
which has already been referred to ; in the quantitative eonnection 
between each of these and the chemical effect of acids as shown 
in the inversion of cane sugar and saponification of methyl acetate ; 
in the satisfactory explanation which it gives for the independent 
migration of ions during electrolysis as established by the work of 
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Hittorf , Kohlrauch, and others ; in the fact that an electrolyte 
obeys the same law for dissociation with increasing dilation as 
a gas under diminishing pressure, first pointed out theoretically 
by Ostwald and Planck,^ and then experimentally established by 
Ostwald, Wildermann,^* Looniis,^^ and others ; and, in general, by 
the fact that the properties of a dilute solution of an electrolyte are 
dependent on the sum of the properties of the ions present rather 
than on the properties of the chemical compound which those ions 
may combine to produce. It would take me too far to illustrate this 
last statement as shown to be true of the density, color and other 
properties of solutions. 

The theory has thrown light upon many chemical riddles anc 
has placed the chemist in a position to predict phenomena which, 
could formerly be known only as the result of experiment. It sug- 
gests at once the distinction between reactions of ions and reactions 
of bodies which do not undergo ionic dissociation. The former 
take place in solutions at ordinary temperatures and so instanta- 
neously that the time factor cannot be measured ; the latter fre- 
quently require an elevated temperature and are sometimes very 
slow. The distinction is, perhaps, a practical, rather than a strictly 
logical one, for theoretical considerations lead us inevitably to the 
conclusion that only additive reactions, and in many cases not even 
those, can take place without a previous dissociation of some sort. 
In this view, the distinction between ionic reactions and others is 
that in solutions of electrolytes a considerable portion of the com- 
pounds have undergone dissociation ; and as any ion is removed by 
precipitation, or otherwise, the remainder of the compound of which 
it is a part undergoes rapid dissociation owing to the resulting di- 
lution of the solution. In such cases the dissociation appears to 
take place almost exclusively at one point in the compound, and 
the reactions are clean and practically quantitative. In what may 
be called non-ionic reactions, on the other hand, the initial disso- 
ciation appears to be trifling and, notably with organic compounds, 
may take place at several points ; the reactions between the result- 
ing parts must be slow and may give rise to a variety of com- 
pounds. 

In accordance with the theory, only those elements or groups 
which exist as independent ions in a solution enter readily into 
combination with other ions. Hence an atom which forms a part 
of a complex ion as the iron of ferro- or ferri-cyanides and the 
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chlorine of chloro-platinio acid and of potassium chlorate cannot 
be detected by the ordinary reagents for these elements. This 
principle is of fundamental importance for analytical chemistry and 
has, of course, in its empirical form, been long recognized. 

In the case of analytical chemistry, especially^ the new theories 
of physical chemistry seem destined to transform what has been, 
hitherto, an almost exclusively empirical science and raise it to a 
higher plane. Two illustrations of practical applications of the 
theory in this field may be of interest. 

The first is with regard to the indicators used in acidimetry. It 
has long been known that the same indicator is not equally sat- 
isfactory in all cases, but the reason has never been clearly stated 
till recently. The principles on which the discussion depends are 
these : an acid solution is characterized by the presence of free hy- 
drogen ions, a basic solution by the presence of free hydroxyl and 
free metallic ions ; in the case of a strong acid or base the number 
of hydrogen or hydroxyl ions is large in proportion to the quantity 
of the acid or base present, while in the case of a weak acid or base 
the number of ions is small ; in other words the difference between 
strong and weak acids and bases is that the dissociation factor of 
the former is very much the larger. The indicators in use are rel- 
atively weak acids or bases for which the free ions possess a dif- 
ferent color from that of the pure acid or base. Thus phenol 
phthalei'n is colorless, while its ion is red ; litmus is red, while its 
ion is blue. In the presence of hydrogen ions the dissociation of each 
of these substances is diminished in accordance with the well known 
law of dissociation that the presence of one of the products of disr 
sociation decreases the dissociation of the compound. Hence in 
acid solutions these bodies are so little dissociated that the color 
of the compound and not that of the ion appears. In alkaline so- 
lutions, howevei', the color of the ions is developed since the potas- 
sium and sodium salts, even of very weak acids, are largely dis- 
sociated in dilute solutions. 

There is, however, a very considerable difference in the disso- 
ciation factors for the different indicators. The dissociation factor 
is much higher for methyl orange and for cochineal than for litmus 
and phenol phthalei'n, and while the dissociation factor of hydro- 
chloric and similar acids is so high that a very small excess will 
cause the change in color, even of methyl orange, the dissociation 
factor for many acids, and especially for most organic acids, is so 
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low that a quite appreciable excess is required, and the change in 
color will be slow and uncertain. Hence methyl orange and coch- 
ineal are entirely unsuited for the titration of weak acids, and lit- 
mus or phenol phthalein must be used. For weak bases, and 
notably for ammonia, the conditions are reversed. The salts of 
such bases with phenol phthalein, or with litmus, undergo hydrolysis 
in dilute solutions and a considerable excess of the base will be re- 
quired before the ions characteristic of the indicator will appear. 
The salts of the same bases with methyl orange or cochineal are 
not so readily hydrolyzed and these indicators are more suitable. 

A practical complication arises from the presence of carbonic 
acid in most of the solutions which we titrate. I will not take the 
time here to discuss the details of the theory which points out very 
clearly that, for accurate results, carbonic acid must be excluded 
from solutions in which litmus or phenol phthalein are employed, 
while, if concentrated, methyl orange or cochineal may be used 
satisfactorily, for strong acids. 

The other illustration of the application of the principles of phy- 
sical chemistry to an analytical problem is one recently given by 
Stefan Bugarsky.*^ a great many methods for the separation of 
bromine and chlorine have been developed but nearly or quite all 
of them rest on a purely empirical basis. Bugarsky has studied 
the subject from an entirely different point of view. Sometime 
since Bancroft^* determined the electromotive forces developed 
between oxidizing and oxidizable solutions connected by an indif- 
ferent electrolyte, and with a platinum electrode immersed in each. 
The results may be considered as giving a quantitative expression 
for the relative oxidizing and reducing power of the various sub- 
stances studied. Among other things it was found that, no matter 
what substance was oxidized, iodic acid with sulphuric acid de- 
velops a greater electromotive force than bromine with potassium 
bromide and less than chlorine with potassium chloride. It appears, 
therefore, that iodic and sulphuric acids together should liberate 
bromine but not chlorine from a solution containing bromides and 
chlorides. The practical application of this theoretical conclusion 
appears to have been entirely successful. 

It is not alone in chemistry that the theories of osmotic pressure 
and of electrolytic dissociation have proved of practical value. 
Kerast has developed from these theories a theory for the cause 
of the electromotive force in batteries, which, while it may not, as 
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yet, have received general acceptance, is a more useful expression 
for our present knowledge than any previously proposed. The most 
important conception at the basis of this theory is that of what may 
be called a solution pressure for metals, corresponding in some 
sense to the vapor pressure of liquids. When zinc, for instance, 
is in contact with water, or an aqueous solution, this solution pres- 
sure is a force impelling the atoms of zinc to pass into solution. In 
order that they may do so, however, each atom must pass over 
into the state of an ion ; that is, it must receive a charge of positive 
electricity which is carried with it into the solution. But only a 
very few atoms can pass into solution before the negative charge 
left in the mass of the zinc in proportion as the positive ions sep- 
arate from it will cause such an accumulation of zinc ions in prox- 
imity with the zinc as to balance the solution pressure. If, how- 
ever, an opportunity is given for the escape of the negative charge 
from the zinc and at the same time positive ions are allowed to 
escape from the solution at some other point, the zinc will continue 
to dissolve and currents of electricity will be set up. Thus, in the 
Daniell or gravity cell, zinc ions pass into solution, and a correspond- 
ing number of copper ions are deposited. The force which caases 
the movement of the ions and with them the transference of elec- 
trical energy within the cell is mainly the very high solution pres- 
sure of the zinc as compared with that of copper. Other factors, 
such as the osmotic pressure of zinc ions already in solution which 
tends to counteract the solution pressure of the zinc, the osmotic 
pressure of copper ions which aids in the separation of the copper, 
and the different velocity of translation for various ions which may 
cause differences of potential when the fluids of the cell are not 
homogeneous, are most of them comparatively small in their effect. 
No means has been found for the direct determination of the 
solution pressure of metals, but it may be calculated from the dif- 
ference in potential between a metal and a solution of one of its 
salts. Methods for the determination of the latter have been de- 
vised by Ostwald,^* and improved by Paschen.^ By the use of 
these and other constants which the researches of physical chemis- 
try have placed in his hands, the physicist can now calculate the 
electromotive force which can be obtained by various combinations 
of metals and solutions. On this side the theory has rendered es- 
sentially the same service for the galvanic cell which the atomic 
theory rendered for chemical compounds when it furnished the 
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means for calculating their percentage composition. As in the 
early days of the atomic theory, many of the constants in question 
are imperfectly known, but since the theory has shown clearly their 
interdependence, new means for their determination and for the 
control of their accuracy are constantly being discovered. 

Every one who is familiar with the extremely wasteful character 
of all processes now at our disposal for the transformation of 
chemical into mechanical energy must have had the thought that 
there is surely some means of saving a part of the enormous loss. 
At present the attention of the scientific world is turned toward 
the transformation of the chemical energy of coal into electrical 
energy as the pi*obable solution of this problem. It seems to be 
almost certain that physical chemistry has already made clear the 
principles by means of which such a transformation may be accom- 
plished. Indeed, Dr. W. Borchers,^ by the use of a solution of 
cuprous chloride with producer gas, or carbon monoxide on one 
side and air on the other, has already obtained an electrical current 
which corresponds to a transformation of thirty per cent of the 
chemical energy into electrical. This is an efficiency three times 
that of the best steam engines. There is no probability that this 
method can ever be practically useful, but that a practical method 
will soon be discovered is, at least, possible. 

I have thus far spoken of the achievements of physical chemistry 
mainly in the direction of the development of the theories of os- 
motic pressure and of electrolytic dissociation. It is in this field 
that the most valuable practical results have been secured because 
it is here that a new, far-reaching, and extremely useful theory has 
been developed. But work in physical chemistry has been extreme- 
ly active in many other directions as well.* 

The most brilliant chemical discovery of the last decade was a 
result of the careful study of a single physical property of nitrogen. 
And, owing to the peculiar character of argon and helium, their 
further study has been almost exclusively on the physical side. 

Ramsay and Shields^ by their work on the surface energy of 
homogeneous liquids have developed a method for the determina- 
tion of the molecular weights of this class of bodies. 

Traube's exhaustive study of the specific gravity of solutions, 
promises, if all that he claims be true, and much of it seems to be, 
to bring order out of an almost interminable chaos of empirical 
data. Among other things his work has given a new and very 
rapid method for the determination of molecular weights. 
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I will not take the time to refer in detail to the work of Briihl 
and others on the refraction and dispersion of light as dependent 
on the composition and structure of bodies ; to the work of Thom- 
Ben, of Stohman and of Berthelot upon thermo-chemistry ; to the 
work of Guye, Walden and others on specific and molecular rota 
tion and of Perkin on electro-magnetic rotation of polarized light ; 
and to the work of Rowland on spectrum analysis. 

In all of these fields and in many othei*s a vast accumulation of 
empirical data has been secured. This wealth of experimental ma- 
terial has been accompanied and supplemented by theoretical dis- 
cussions and many interesting relations have been discovered. 
Physical chemistry has proved one of the most enticing and profit- 
able fields for work in recent years and claims many enthusiastic in- 
vestigators in our own country as well as abroad. In the development 
of the subject perhaps no one has contributed more than Ostwald 
by his Lehrbuch dnd by his ably edited Zeitschrift f iir physika- 
lische Chemie. We may congratulate ourselves that our workers 
in America are now to have a journal of their own, and we may 
confidently hope that the new Journal of Physical Chemistry will 
contribute much toward " the chemistry of the future." 
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PHYSICAL CHEMISTRY. 

DbTEKXINATION op osmotic PEBSSUBB rSOM YAPOR PRBSflCRB MEA8UEB- 

MBNT8. By Prof. A. A. Notes and G. C. Abbott, Mass. Inst, of T^ch., 
Boston, Mass. (To be published in ZeiUehriJt fb' phys. Ckemie,) 
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Chicago. 
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be published in Journal of Physical Chemistry.) 

The hydrolysis of ferric chloride. By H. M. Goodwin, Mass. Inst, of 
Tech., Boston, Mass. 

The viscosity of mercury vapor. By Prof. A. A. Noybs and H. M. Good- 
win, Mass. Inst of Tech., Boston, Mass. 



INORGANIC CHEMISTRY. 

Some points in nomenclature with regard to analysis or mineral 
WATER. By Prof. F. W. Clarke, U. S. Geol. Survey, Washington, D. C. 

The alkali trihalides. By Dr. C. H. Herty and H. V. Black, University 
of Georgia, Athens, Ga. (To be published in Amer. Chemical Journal.) 
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The MBTAM0RFH08IS OF FOSSIL BONB INTO A MINERAL. Bj E. GOLDSMITH, 

Philadelphia, Pa. 

A BIBLIOOKAPHT OF THE METALS OF THE PLATINUM GROUP. By Prof. JaS. 

Lewis Howe, Washington and Lee University, Lexington, Va. (To be 
published in Smith. Miscd. Col.) 

Examination of water and deposits from a lake in Yucatan. By 
Prof. Jas. Lewis Howe and Prof. H. D. Campbell, Washington and Lee 
University, Lexington, Va. (To be published in Amer. Jour. Science.) 

A REVISION OF THE ATOMIC WEIGHT OF MAGNESIUM. By Prof. T. W. RICH- 
ARDS and H. G. Parker, Harvard University, Cambridge, Mass. (To be 
published in Zeit anorg. Chemie.) 



ORGANIC CHEMISTRY. 

Hydrazones of quinones. By Prof. Wm. McPherson, Ohio State Univer- 
sity, Columbus, Ohio. 

Synthesis of diethtl-hexamethylenb ether and other ethers from 
TRiMETHYLENE GLYCOL. By Prof. A. A. NoYES, Mass. lust. of Toch., 
Boston. 

Formation of diacetylbnyl (butadiine) from copper acetylene. By 
Prof. A. A. Notes and C. W. Tucker, Mass. Inst, of Tech., Boston. 

Camphoric acid. By W. A. Noybs, Rose Polytechnic Inst., Terre Haute, 
Ind. 

Introduction of alkyl radicles into phosphine by means of bthbrs. 
By Dr. P. Fireman, Columbian University, Washington, D. C. 

DlPYRIDINE methylene IODIDE AND THE NON-FORMATION OF CORRESPOND- 
ING MONOPYRiDiNE PRODUCTS. By S. H. Baer and Prof. A. B. Prbscott, 
University of Michigan, Ann Arbor, Mich. 

Alkyl ammonium iodides in reaction with bismuth salts. By S. H. 
Baer and Prof. A. B. Presgott, University of Michigan, Ann Arbor, 
Mich. 

On the behavior of trichlordinitrobenzol with various reagents. 
By Prof. C. Loring Jackson and W. R. Lamar, Harvard University, 
Cambridge, Mass. 

On the action of nitric acid on potassio cobalticyanide. By Prof. 
C. Loring Jackson and A. M. Comby, Harvard University, Cambridge, 
Mass. 

On the action of bodtc ethylate on dinitranissic acid. By Prof. C. 
Loring Jackson and M. H. Ittner, Harvard University, Cambridge, 
Mass. 
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DIDACTIC CHEMISTRY. 

Points in tbaghiho teohnioal chbmistrt. Bj Prof. T. H. Noktok, Univer- 
sity of Cincinnati, Cincinnati, Ohio. 

Oir SOME VBW FORMS OF GAS GENERATORS. Bj Prof T. H. NoRTON, UniveT- 
sitj of Cincinnati, Cincinnati, Ohio. (To be printed in Jour, Amer, Chem. 
Soc.) 

The aim of qualitatiyb analysis. By Prof. G. C. Caldwell, Cornell 
University, Ithaca, N. Y. 

The teaching of qualitatiyb analysis. By Prof. A. L. Green, Purdue 
University, La Fayette, Ind. 

Thb USB of thb periodic law in teaching general chemistrt. By 
Prof. F. P. Venable, University of North Carolina, Chapel Hill, N. C. 

Chemistrt at the Rensselaer Polytechnic Institute. By Prof. W, P. 
Mason, Rensselaer Polytechnic Institute, Troy, N. Y. 

Laboratory instruction in organic chemistry. By Prof. A. A. Noybs, 
Mass. Inst, of Tecli., Boston. 

The teaching of physical chemistry. By Prof. A. A. Noybs, Mass. Inst, 
of Tech., Boston. 

Instruction in sanitary chemistry at the Mass. Institute of Tech- 
nology. By Ellen H. Richards, Mass! Inst, of Tech., Boston. 

Some points in the use of depths of color as a measure of chemical 
contents. By Ellen H. Richards, Mass. Inst of Tech., Boston. 



ANALYTICAL CHEMISTRY. 

Notes on Reinsch*s test for arsenic and antimony. By Prof. J. L. 
Howe and P. S. Mbrtins, Washington and Lee University, Lexington, Va. 
(To be published in Jour. Amer. Chem, Soc.) 

A NEW FORM OF LABORATORY CONDENSER. By ErWIN E. EwELL, Dept. of 

Agriculture, Washington, D. C. 

A METHOD OF MANIPULATION FOR THE COLORIMETRIC DETERMINATION OF 
AMMONIACAL NITROUS AND NITRIC NITROGEN IN BACTERIAL CDLTURB. 

By Edwin E. Ewell, Dept. of Agriculture, Washington, D. C. 

A modified form of the ebullioscopb. By Prof. H. W. Wiley, Dept. of 
Agriculture, Washington, D. C. 
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TECHNICAL CHEMISTRY. 

RbOEVT ]>BTXLOPMEirT8 IN THE FURIPICATION AlTD riLTRATION OF WATBB. 

By Prof. A. R. Lebdb, Stevens Institute, Hoboken, N.J. 

OV THE C0MP081TI0H AMD PROFBRTIB8 OF NATURAL OA8 FROM WeATBRN 

Pennstlyania. Bj Prof. Francis C. Phillips, Western University, 
Allegheny, Pa. 

A METHOD FOR THE DETERMINATION OF SOLPHUR IN WHITE OAST IRON. By 

Prof. Francis C. Phillips, Western University, Allegheny, Pa. 

THB meaning of the term "OZTOEN consumed" in THB REPORT OF A 

WATER ANALYSIS. By Ellbn H. Richards, Msss. lost. of Tech., Boston. 

On recent improtbmbnts in the manufacture of sulphuric acid. By 
Dr. C. L. Rbbsb, The Citadel, Charleston, S. C. 

Use of coal tar colors in foods. By Prof. H. A. Weber, Ohio State Uni- 
versity, Columbus, Ohio. (To be printed in Jour. Amer, Chem. Soc.) 

Thb alkaloids of Anhelonium Lewinii (mbscal buttons). By Erwin 
£. Ewell, Department of Agriculture, Washington, D. C. (To be printed 
in Jour. Amer. Chem. Soc,) 

SANITARY CHEMISTRY. 

Notes on well water. By Dr. W. P. Mason, Rensselaer Polytechnic Inst., 
Troy,N.Y. 

Value and use of formaldehtde as a disinfectant. By Dr. £. A. de 
Schweinitz, Dept. of Agriculture, Washington, D. C. 

Observations on the sanitary nature of the Mississippi riyer water 
AT DIFFERENT SEASONS. By Prof. E. 6. Smith, Beloit College, Beloit, 
Wis. 

AGRICULTURAL CHEMISTRY. 

The work of the agricultural chemists of America. By L. L. Van 
Sly KB, Geneva, N. Y. 

Conditions affecting the normal viscosity of milk. By Prof. S. M. 
Babgock and Prof. H. L. Russell, University of Wisconsin, Madison, 
Wis. (To be printed in ISth Report of the Wise. Exper. Station.) 

On the restoration of the viscosity of Pasteurized milk and cream. 
By Prof. S. M. Babcock and Prof. H. L. Russell, University of Wisconsin, 
Madison, Wis. (To be printed in IZth Report of the Wise. Exper. Station.) 
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BIOLOGICAL CHEMISTRY. 

ThB HECS88ITT OF ANIMAL BXPBRIMENTATTOK IN THB 8TUDT OF BIO- 
CHEMISTRY. Bj Dr. E. A. DB SoHWBiNiTz, Dept. of Agricalturei Wash- 
ington, D. C. 

AkdBOMBDOTOXIN, THB POISONOUS CONSTITUENT OF THB ErICACBJB AND ITS 
RELATION TO SOME FOOD PRODUCTS. By V. K. ChBSTNUT, U. S, Dept. of 

Agriculture, Washington, D. C. 

The Section adjourned Thunday evening, Augutt 27. 



fourteekth annual report of the coumitteb on indexing 
Chemical Literatubb. 

Thr Committee on Indexing Chemical Literature presents to the Chemi- 
cal Section its fourteenth annual report. During the year ending August, 
1896, there has been exhibited much activity in chemical bibliography and 
indexing ; several valuable works have been completed and many import- 
ant undertakings have been began. 

lYOBKS PUBLISHED. 

A Dictionary of Chemical Solubilities. Inorganic. By Arthur Messinger 
Comey. New York and London, 1896. pp. xx — 516. 8vo. 
Professor Comey is to be complimented on the completion of the first 
part of his extensive undertaking, and chemists are to be congratulated 
on the publication in such good form of so important an aid to research. 
It is to be hoped that this volume will be so well received as to encourage 
the author to follow promptly with the organic section. 

Index to the Literature of the Detection and Estimation of Fusel Oil in 
Spirits, by W. D. Bigelow. J. Amer. Chem. Soc, Vol. xviii, No. 4, 
p. 897. 
This was announced in our report for 1895. 

Bibliography of Embalming, in a Thesis entitled : ** Embalming and Em- 
balming Fluids," by Charles W. McCurdy (of the University of 
Idaho). Post-Graduate and Wooster Quarterly, April, 1896. 
A very full bibliography of this unique subject, which has its chemical 
aspects as well as its grave ones. It comprises about 500 entries, in 
several modern languages, arranged alphabetically by authors. 

Beferences to Capillarity, by John Url Lloyd. In his ** Study in Phar- 
macy." Privately printed. Chicago, 1895-96. 8vo. 

Akmic Weights form the subject of a brief bibliography (24 titles) 
accompanying an article on the same topic by Alexander Scott. 
Science Progress, Vol. i, p. 642 (Aug., 1894). 

The Composition of Water, a short bibliography, by T. C. Warrington. 
Chem. News, Vol. 78, p. 187 etseq. (March. 1896). 

(77) 
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A Short List of Books on Chemistry. Selected and annotated by H. Car- 
rington Bolton. Scientific American Supplement ^ Oct. 19, 1895. 

Bibliography as a Feature of the Chemical Curriculum, By H. Carrlngton 
Bolton. Science^ Oct. 4, 1895. 

Bevievo of American Chemical Besearch, edited by Arthur A. Noyes. In 
the Technology Quarterly, Issued by the Massachasetts Institute of 
Technology, Boston, Mass. 

The first paper appeared In the number for April, 1896 (Vol. vili, p. 90) ; 
the reviews consist of abstracts of papers in periodicals, grouped under 
the following heads: General and Physical Chemistry, Inorganic, 
Organic, Technical, Sanitary, Agricultural, Vegetable, Metallurgical, 
Assaying, Geological, Mineralogical, Apparatus. Each abstract is signed 
by the abstractor. 

This Review promises to be an important contribution to contemporary 
chemical science of America, and deserves to foe well supported. 

Enumeration of Titles of Chemical Papers, This bibliography has been 
published monthly since May, 1894, In Science Progress, London. It 
embraces titles (without comments) in several European languages. 

Bibliography of Agricultural Chemistry {American), 

The several publications of the scientific bureaus of the United States 
Government contain many valuable contributions to chemistry in its 
applications to agriculture and the arts, widely scattered in their pages, 
and it has been difficult to keep informed with reference to them. 
Thanlcs, however, to the excellent bibliographical work of the Office of 
Experiment Stations, U. S. Department of Agriculture, Washington. 
D. C, the chemical treatises published in the Bulletins of the State Insti- 
tutions are made accessible ; this is accomplished in the three publications 
here named: 

Experiment Station Becord, Vol. iii, No. 12 (July, 1892). BtUletin No. 
9 (1894), and Bulletin No. 28 (1896). Organization -Lists of the 
Agricultural Experiment Stations, U. S. Department of Agriculture, 
Office of Experiment Stations. 
These contain : ** Lists of Station Publications," giving dates, bulletin- 
numbers, and titles of each bulletin, under each State, alphabetically 
arranged. For the agricultural chemist these bibliographical helps are 
too important to be overlooked. 

The Committee also chronicles the publication of the following valuable 
aids to chemical research : 

Synopsis of Current Electrical Literature during 1895. By Max Osterberg. 
New York (D. van Nostrand Co.), 1896. pp. xiU-US. 8vo. 
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This is a classifled index, with an index to anthors, compiled from 
fifty-nine foreign and American periodicals ; it is intended to be published 
annnaUy. 

General-Begister zu Ladenhurg*s HandwOrterhuch der Chemie. Breslan, 
1895. pp. 160. 8vo. 

BibUographie des travaux scientifiques . . . publics par les soci^t^s 
sayantes de la France, dress6e sons les auspices du mlnist^re de Tin- 
strnction publique ; par J. Deniker. Paris, 1895. 4to. 

Reports ov Progress. 

The Index to the Mineral Waters of the World, by Dr. Alfred Tncker- 
man, noticed in previous reports, has been completed and accepted for 
publication by the Smithsonian Institution. 

The manuscript of a new edition of the ** Catalogue of Scientific and 
Technical Periodicals, 1665-1882," by Dr. H. Carrington Bolton, has been 
completed and is now going through the press. The new edition will 
be issued by the Smithsonian Institution as a volume of the Miscellaneous 
Collections. The bibliography includes chemical journals, and is brought 
down to the year 1895. 

Dr. Bolton reports progress on a Supplement to his " Select Bibliogra- 
phy of Chemistry, 1492-1892," the printing of which is however post- 
poned. 

Professor James Lewis Howe reports the completion of the manu- 
script of an Index to the Literature of Platinum and its Compounds; 
this will be presented to the Chemical Section at the same session with 
this report. 

Professor F. P. Venable has completed an Index to the Literature of 
the Periodic Law. It will accompany his '* Development of the Periodic 
Law,** soon to be published by the Chemical Publishing Co., Easton, Pa. 

Works in Preparation. 

Dr. Alexis A. JuUen has no less than three bibliographical works well 
advanced: (1) A Bibliography of Sand (including chemical analysis, 
etc.). 

(2) A Bibliography of Pedesis, or the Brownlan movement. 

(3) A Bibliography of the Condensation of Gases on the surface of 
Solids. 

Dr. Arthur C. Langmuir is engaged on an Index to the Literature of 
Zirconium. 

Mr. George Wagner, of the University of Kansas, has undertaken an 
Index to the Literature of Oxygen, on a large scale. In this work he 
will have the counsel of Professor Albert B. Prescott. 

Dr. C. H. JoQet has the manuscript of an Index to the Literature of 
Thorium well advanced towards completion. 
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Professor Rudolph A. Witthaus has compiled a Bibliography of Foren- 
sic Toxicology, which will appear in Vol. IV of Witthaus and Becker's 
Medical Jurisprudence, New York, 1896. 

The Journal of the Society of Chemical Industry announces a Col- 
lective-Index for the whole series, 1881-1896. This is to be ready in 1896 
and will form a volume of about 500 pages quarto. 



Attention is called to a plan for facilitating bibliographical researches, 
adopted by the American Pharmaceutical Association. The Research 
Committee of this Association employs a Reference Reader whose duty it 
is to supply original literature to investigators workiug in the Committee 
and with it. A list of the chief serials and a few encyclopedic works is 
placed in the hands of those who apply for the services of the Reader. 
Transcripts, abstracts and translations are supplied. The service is 
chiefly for literature beyond the smaller libraries, and is under the direc- 
tion of the Chairman of the Committee. 

Perhaps a similar scheme might be organized within the American 
Association for the Advancement of Science. 

In conclusion, the Committee on Indexing Chemical Literature desires 
to state to those not acquainted with the announcements made in the 
preceding annual reports, that it labors to foster individual undertakings 
in chemical bibliography, to prevent futile duplication of work, to re- 
cord in these reports completed bibliographies and new enterprises, as 
well as to chronicle progress In bibliography in lines bordering on chem- 
istry. Snggestions as to topics, methods, channels of publication, etc., 
will be cordially furnished by the Committee. Address correspondence 
to the Chairman, at Cosmos Club, Washington, D. C. 



Committee, 



H. Carrikgton Bolton, Chairmanj 

F. W. Clarkb, 

A. R. Leeds, 

A. B. Pkescott, 

Alfred Tuckerman, 

H. W. Wiley. 



RESOLUTIONS OF THE SECTION. 

Professor W. P. Mason moved that a committee of five, with 
advisory power, be appointed by the Vice-President to consider 
the possibility of combining the meeting of the Section with that 
of the American Chemical Society, so that both should come 
within the same five or six days. 

This was amended by Professor Clarke so that the Vice- 
President for the Section should be a member and chairman of 
the committee. 

The amendment and motion were carried. The Vice-President 
appointed the committee as follows : Vice-President W. A. Notes, 
Wm. p. Mason, A. B. Prescott, T. H. Norton, Wm. McMurtrie. 

A report was made by this committee on August 27, said com- 
mittee favoring the assignment of the first two days of the session 
of the Section to the Society, with the condition that opportu- 
nity be given for the organization of the Section and for the Vice- 
President's address. 

The report was adopted. 

Dr. Hart reported progress in his work upon Glucinum, for 
which he has received a grant from the Research Fund of the 
Association. Dr. Springer moved a vote of thanks to Dr. Hart 
from the Section, and the indorsement of the work. This was 
carried. 

The nomination by the Council of Professor Emeritus Wolcoti 
GiBBS of Harvard University for Honorary Fellowship in the 
Association was approved by the Section. 
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THE ARTISTIC ELEMENT IN ENGINEERING. 



A FBiEND of the writer, a successful business man and much in- 
terested in things artistic, when informed of the choice of subject 
for this paper, gave expression to a feeling of surprise, doubting if 
there was any relation between engineering and aesthetics. 

One of the leading engineers of America once asked a profes- 
sional brother what he did for recreation, and, on being told of a 
modest interest in pictures and music, likewise expressed surprise, 
saying, ^^ You are the first engineer that I have ever known to be 
a musician." There was also an implication, though unintentional, 
of a diminished respect, — perhaps on both sides. 

These two incidents may be taken to typify in a general way 
the attitude that is held by the business world on the one side, and 
the engineering fraternity on the other, toward the relationship 
which it is here proposed to discuss. 

That the artistic element is not recognized as it might or ought 
to be in the present American day is natural. The rapid develop- 
ment and growth of our laud, the intensive study of science and 
the concentration of the effort put forth to adapt it to every-day 
affairs, have exalted one phase of the economic idea, the quick at- 
tainment of profitable results, and clouded the truer, broader mean- 
ing that looks toward the best things and the highest life of the 
people. Into the midst of this active, restless, business life en- 
tered the engineer, doing more and more of its work and becoming 
more and more a recognized part of it and an undisputed element 

(85) 
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in its growth. He has acquired the characteristics of the life 
about him, — zeal, energy, alertness, readiness in meeting quickly 
changing conditions, and absorption in the work in hand. He plans 
rapidly, and executes to<lay with an eye for to-morrow's profits. 
As another has said, '^ The world measures the efficiency of the 
engineer in dollars and cents," just in fact as it measures that of 
any other man, and engineers, as other men, largely accept the 
standard. 

Time was when he was only the tool of some business man who 
had money to expend in a certain way, and who employed him, 
under direction, because of some individual ability. But times 
are changing. In place of the isolated worker there is growing up 
a profession with professional standards and an esprit de corps^ 
whose members are to be retained, not hired. Cultured, and with 
the openness and clearness of mind that only come from deep 
study, broad training, and large experience, these are to be people 
of influence whose advice and services are sought, leadei-s whose 
judgments are respected, and men who can mingle with the best 
anywhere on a common ground of attainment and character. 
They are to be intrusted with the expenditure of public funds in 
increasing extent, and with an augmenting confidence. The very 
nature of an engineer's qualifications, his technical knowledge, the 
cultivation of his judicial and critical faculty, his training in fidelity 
to the trusts reposed in him by private clients, — all these fit him 
for places of large responsibility concerned with public works, and 
the people, tired of political management, are beginning to find 
this out. 

These are no new thoughts, though none the less true, for others 
have recently written in confident strain of the coming engineer of 
the twentieth century. Yet it should be emphasized that the 
desired change is not after all so far ahead of us. To some ex- 
tent at least the coming engineer has already arrived and is mak- 
ing himself felt. The leaven is at work. 

With an engineering practice based solely on immediate results 
by way of expected profits in dollars and cents the aesthetic ele- 
ment has little to do, though even here its absence may mean 
financial loss. But from the standpoint of this paper, engineering 
is to be considered in the broader light of Tregold's well known 
definition, " The art of directing the great sources of power in 
nature for the use and convenience of man," while the engineer is 
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he who designs and executes engineering works. It is not neces- 
sary here to dwell upon the breadth and comprehensiveness of 
these simple fundamental statements, but let us not forget that 
they are broad and comprehensive. With an engineering practice 
based on a generous interpretation of the above, the artistic has 
much to do. 

The engineer is primarily a designer. He works with the mate- 
rials of Nature as his medium and her powers as his tools where- 
with to express his thought and his purpose to serve and benefit 
man. Just as in the making of a picture the brushes, paint, and 
canvas are not the chief things, so here it is not the wood, steel, 
and brass, or the powers of gravity, steam, air, and electricity, that 
are most important, but rather the character and quality of the 
design and the degree of realization in its execution. The design 
may be bad or good, according as it ignores or harmonizes with 
principles underlying all such acts of creation. The result may be 
a happy one only when the means employed are rightly chosen 
and properly adapted to the end sought. In this process of cre- 
ating something of value, something that helps man to a fuller, 
richer, and better life, the artistic cannot be left out. In its ab- 
sence the design falls far short of its possible perfection, and man 
is deprived of what is due him, though not perhaps distinctly con- 
scious of the loss. In a certain sense, then, every engineer is an 
artist, and in some directions at least, as in architecture and other 
forms of construction and in the making of public parks, the result 
of his cultured brain may attain to the dignity of a work of " fine 
art." Perhaps, in its ti'ue essence, there may be as much fine art 
in the design of a machine to produce bolts as there is in the mak- 
ing of a picture for the Salon ; certainly the well planned tool, 
with fine proportions and parts perfectly related, is above the poor 
canvas. 

To every true man there is a joy in creation that is not satisfied 
with anything less than the best of which he is capable. As 
Emerson has said, '^ I look on that man as happy, who, when there 
is question of success, looks into his work for a reply, not into 
the market, not into opinion, not into patronage. . • . What is 
vulgar, and the essence of all \Tilgarity, but the avarice of rewaixi? 
Tis the difference of artisan and artist, of talent and genius, 
of sinner and saint." But beyond this, which is the purely per- 
sonal side of the matter, lies service, the designing for the use and 
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convenience of man. From the vantage ground of his position as 
a man of educated intelligence and trained ability, the engineer 
owes the world his best effort. It needs and asks for technical 
skill and scientific knowledge whereby to-day's work may be done. 
Bat also, without knowing exactly what it wants, it feels the need 
of those added qualities it cannot define, and seeks for guidance 
and help to something better for to-morrow. In the long run, it 
will honor the man that meets the demand, and will measure his 
efficiency on more grounds than that of dollars and cents. 

To the superficial or hasty thinker there may appear a conflict 
here between the utilitarian and the artistic, but there can be no 
real antagonism. The result of any act of designing is to be 
judged as a whole and in the light of all the purposes to be ful- 
filled. The physical conditions imposed by the materials used and 
the forces of nature employed are to be met. These conditions 
must be expressed in the design frankly and candidly, and in such 
a way as to indicate clearly its purpose, and to gratify the observer 
through its proportions, symmetry, harmony, and decoration. The 
end desired must be attained in the most direct and simple way, so 
that the expenditure of money may be a minimum. These are the 
three elements of design. The scientific, the Aesthetic, and the 
financial. A disregard of tlie requirements of the first may mean 
structural or organic weakness on the one hand, or, on the other, 
an excess of material that unduly adds to the cost and at the same 
time may produce heaviness or ugly proportions in the completed 
work. Non-compliance with the demands of the second makes 
the design fail in fulfilling its complete mission, and this applies 
with the same force to those cases where a poorly directed attempt 
has been made to be artistic in expression, as to those in which no 
attention whatever has been paid to the matter. Artistic treat- 
ment often costs money, yet the mere expenditure of cash will not 
secure it. On the other hand, the proper display of good taste 
may often come without the spending of a dollar more than is 
made necessary by the other conditions surrounding the problem. 
A wealth of ornamentation may be brazen and vulgar, while 
beauty and grace may be found in the simple lines of a machine 
or bridge, or in the curving of the curb by the roadside. The dis- 
regard of the financial side may mean either a weak, meagre, and 
unsatisfactory result, or an unwise lavishness in expenditure ; in 
both cases causing in the long run a loss and waste of money. 
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The current engineeriDg practice gives great attention to the 
first and last of these elements, and but little comparatively to the 
second. There is no branch of it but would be benefited by add- 
ing to scientific and business ability a knowledge of the principles 
of artistic design, and an impulse to give expression to it. The 
effect on the life of our communities and the nation by such a 
change is not easily estimated. The writer does not expect, how- 
ever, to see an immediate revolution. This is not a change that 
comes naturally in that way, but rather by way of development 
and growth, generally slow, although they may at times be accel* 
erated. In this development our people as a whole must increase 
in artistic sensitiveness. We are not an aesthetic nation, but we 
have latent possibilities in that direction ; we are young, confident, 
and impressionable, and have the courage to be original in design, 
which counts for much. We have evolved the American locomo- 
tive, the American truss bridge, the American automatic machine, 
the American much debated tall building, and many other things 
specially adapted to American needs. We shall grasp the artistic 
possibilities of construction quickly when we come to know what 
they are, and shall apply them confidently, not always at first with 
the most happy results. We shall learn some things from the old 
world and shall assimilate much that is good in its practice, but in 
the end engineering here will be both artistic and American. 

There are evidences here and there that this process of change 
is going on. American machine design, when compared with that 
of other countries, shows some marked characteristics. A writer 
in the Engineering Magazine says of these : ^' The best ones 
are directness of design, by which is meant the shortest cut to 
reach a given end, the designer having in mind the thing to be 
done quite as much as the machine which is to do it ; lightness 
and a close proportioning of parts ; in machine work a near ap- 
proximation to pattern ; rapidity of construction and rapidity of . 
action in the finished machine ; the substitution of special steels 
and new alloys, hollow construction, etc., for older materials and 
construction, and a generally neat appearance of work, with burrs, 
lips, and roughness of casting removed. The American designer 
is not an artist, like the Frenchman, but is more attentive to ap- 
pearances than the Briton. He is gradually curing himself of the 
tendency to tawdry ornament, needless accessories of fancy cast- 
ings, stencilled paints, japanning out of place, and bright work for 
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mere effect." These are good qualities, and in the line of im- 
provement. Some recent installations of power plants illustrate a 
movement that will have considerable influence on engine design. 
In many of our larger cities there are engine-rooms fitted up in 
elegance, with marble floors and wainscot, decorated walls and 
ceilings, brilliantly lighted and with all the appliances of the plant, 
engines, dynamos, switchboards, and even the smaller accessories 
in keeping with the surroundings. These plants are used as draw- 
ing cards or advertisements. There are other plants, not so used, 
where there is displayed less elegance, but fully as much artistic 
sense in adapting the room and its treatment to its purposes. In 
many of these places only the enclosed type of engine can be em- 
ployed. In all of them the standard of maintenance must have its 
influence on the matter of design, which will in turn react on the 
former. An engine might pound itself to death in a dark base- 
ment, but would have its slightest vagary looked after in one of 
these better planned housings. This result cannot be entirely 
accounted for by the larger room, the better light, the rules and 
regulations. There is a refining, educating influence in these 
artistically planned constructions that makes better men and more 
efldcient workmen of the attendants. Whatever they may cost, 
there is a credit side to the balance sheet 

Our railways are contributing toward this change. They 
have found the decoration of passenger tiains a profitable thing, 
and, so stimulated, have carried it to excess. Handsome ter- 
minal stations, adorned in good taste, are supplanting the dingy, 
forbidding, and inconvenient places so long in use, while the shed 
type of depot is being crowded out by beautiful, quaint build- 
ings, set in the midst of lawns and flower beds. More signifi- 
cant still is the tendency to adopt a high standard of maintenance, 
under which the roadbed is kept trim and neat, flanked by sodded 
slopes, and bordered by clean and well kept buildings, and which 
also requires the rolling stock, the shops, and the yards to be 
maintained in a high state of efficiency. This is not necessarily 
in itself artistic, but it furnishes at least a necessary foundation. 
That the railway management understands to some degree the 
commercial value of the artistic element in its business is further 
evidenced by the nature of its advertising, that seizes on any 
advantage of scenery or artificial effect that is at hand. 

Not much can be said in praise of the artistic qualities of our 
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bridges, for these attributes are conspicuous through their 
absence. The American bridge satisfies the conditions of sta- 
bility and least cost, but of beauty of line or balanced propor- 
tion that makes it fit into and^ harmonize with the landscape, or 
even that makes it considered by itself attractive, it has little. 
And this is to be the more regretted, because an intelligent appli- 
cation of right principles would improve the effect, without 
adding much, if any, to the cost, or making the structure less safe 
and durable. It is ti*ue that the truss with parallel chords, espe- 
cially of the through type, does not lend itself readily to artistic 
treatment, yet even here something can be done. It is not so 
much a matter of adding ornament as the proper treatment of the 
organic lines, the length of spans, the relation of length of panel 
to height of truss, the location of the piers, and the form of their 
outlines. Ornamentation is not to be used so much for its owu 
sake, but rather where it is needed to accentuate these organic 
markings. There are some truss bridges of such size that they 
give pleasure to the observer through their massiveness, though 
lacking in other desirable qualities. The cantilever, like the 
Pratt and its relatives, is difilcult of treatment, while arch forms, 
either braced or of the suspension type, are naturally pleasing 
and best adapted for artistic expression. Of these types we have 
a few satisfactory examples, like the Eads and the Grand Avenue 
Bridges at St. Louis, and the Brooklyn and Washington Bridges 
at New York. In our public parks are to be found many small 
bridges of good design, while in our cities there are some cred- 
itable ones of larger dimensions. There is some tendency toward 
the use of curved chords in bridges designed for urban use, and 
a further evidence of interest in the curved line through the 
introduction of the Melan arch. In some respects it is unfortu- 
nate that the economical element has driven out the stone arch, 
which possesses so many of the features of a beautiful structure 
for most situations, and it may be that this new form will become 
a substitute for the old, with added characteristics of its own. 
However much we may admire the inventive genius and mechan- 
ical ingenuity of those who have worked out the types of rolling 
or lift bridges that cross the Chicago River, the less said about 
the beauty of the designs the better. Perhaps the environment 
imposes ugliness on the designer. But that problem is hardly 
solved yet, and will not be until some man gets hold of it that 
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combines aesthetic with scientific qualities, and has insight keen 
enough to see the possibilities of the situation and adroitness 
eixough to manage, not only the physical, but also the human 
elements, — a rare combination. 

In the entire field of engineering there is no portion of it that 
includes a greater variety of intricate and difficult problems for 
solution than that connected with municipalities. Here the 
engineer has to do with matters touching the home life, the 
dwelling, its heating, ventilation, and lighting, its drainage and 
water supply, etc. There is the business life that demands 
attention for the stores, office blocks, banks and exchanges, 
manufactories and shops, warehouses and elevators, with all their 
requirements of heating, cooling, lighting, ventilation, drainage, 
power, and internal communication through elevators, pneumatic 
systems, and alarms. Then there is the larger life of the city as 
a whole, that needs public buildings, churches, schools, hospitals, 
libraries, museums, hotels, theatres, railway stations, and mar- 
kets, each with its own peculiar demands; streets and systems 
for rapid transit, both intramural and suburban; the distribu- 
tion of water, heat, cold, light, and power; pneumatic systems for 
carrying packages; electrical conduits; sewerage and garbage 
systems, with the plants for their treatment or disposal ; wharves 
and railway yards ; parks, boulevards, playgrounds, and plazas ; 
and the opening of new territory to accommodate the city's growth. 

The engineer here comes in close contact with the people that 
daily and hourly use the results of his work. He already influ- 
ences their health and bank accounts for the better, gives them 
greater ease and convenience at work or play, and saves their 
time. This is what is asked of him, and he meets the demand 
well. But what an uplift would come to city life, how much 
richer it would be, if he could put an artistic quality into his 
designing, and the people would learn to appreciate it! It is not 
to be inferred that there is an entire absence of this, but rather 
that artistic effects have been largely confined to individual cases, 
and not made manifest in the general life of the city. 

For instance, there are numerous examples of suburban 
dwellings, beautiful internally and externally, and with har- 
monious settings; there are occasional business blocks whose 
treatment is satisfactory, but very few public buildings that have 
an adequate artistic meaning and are so situated as to express 
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this advantageously if they did possess it. Without detracting 
in the least from the acknowledged merits of the design of Trinity 
Church, Boston, it must be admitted that its roomy location on 
one side of an open plaza adds greatly to its effectiveness. 
Think of its being placed in the middle of a block on Washington 
Street, or set in the midst of brown stone fronts on Fifth Avenue ! 
All public buildings need both room and appropriate setting. 
They are the larger and more important pictures in the gallery 
of city structures; yet under the prevailing system of rectangular 
blocks, bounded by long, straight, and narrow streets, the hang- 
ing committee has nothing but the walls of corridors on which 
to place them. The worst of the matter is that the exhibition is 
a permanent one. Along these alleyways must also be hung the 
narrow, vertically elongated panels that seem to be so popular 
to-day, in favor because they pay. The observer needs a twenty- 
story ladder in order to study their details, or even to know if they 
have any, and can find no point from which they may be seen as 
entireties. At their sides hang strings of pictures whose hori- 
zontal ity exaggerates their skyward tendency. It is not the 
modern tall building in itself that is here objected to, but its 
location on sites that will not admit of a display of its best 
qualities. With wide, clear spaces about them and effective 
grouping they may be made agreeable, as is illustrated by the 
happy combination at the southeast corner of Central Park. 

One of the good results of the tall building craze is the bring- 
ing closer together of two branches of designers ; from the archi- 
tect the engineer will leai*n more of art, and he will teach the 
former better construction. While retaining their separate 
functions, the collaboration will result in a higher mutual respect 
and appreciation, and a better grade of work on the paii; of 
each. 

It is undisputed that the rectangular plans of American cities 
are neither adapted to meet aesthetic conditions nor the demands 
of traffic. The long streets, without variation in width and 
direction, and without the breaks afforded by little parks, are 
tiresome to the eye. They are not placed with any regard for the 
topography or the natural features of the landscape, or to give 
prominence to some important structure, nor do they furnish 
direct lines of travel. But the plan is weighted down to the 
ground by millions of money. So it is not a question of what it 
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ought to be, but one of mitigating the present evils and avoiding 
any repetition of these in the future. 

Radical treatment must be resorted to by way of diagonal 
avenues from congested centres, and the widening out of the 
intersections of important streets into parks and plazas. There 
must likewise be an heroic struggle with the water fronts and 
internal watercourses, places full of picturesque possibilities, 
though usually given over to filth and ugliness. These changes 
are made imperative not only by aesthetic requirements, but also 
by the demands of health and business. 

In the planning of additions to large cities, the designer is 
hampered by the supposed necessity of tying to the older plan, 
by the desire of owners and speculators to realize to the largest 
extent on the sale of lots, or by his uncertainty as to what the 
future growth and character of the population may be. An 
examination of the block plan of many of our cities would show 
a heterogeneous arrangement of streets, especially in outlying 
districts, without regard to mutual relations, matters of grade 
and drainage, or artistic position. This irregularity may be 
more inconvenient and less pleasing than a right-angled plan. 
Our towns and smaller cities reproduce in miniature the condi- 
tions of the larger centres. Here again it is a question of 
improvement, instead of original design, only the problems 
involved are not so intricate and their solution not so costly. So 
it is hardly possible for a designer to plan an ideal city, or to 
have the full swing and liberty of the men who laid out the city 
of Washington and established its system of grades and drain- 
age. But in spite of difficulties there exist some suburban 
districts, laid out, built up, and adorned on the principles of 
good taste. Thanks to the systems of rapid transit that are 
increasing the number of these attractive places! 

In the design and maintenance of water supply plants, Ameri- 
can practice shows some respect for the artistic element. This 
is not confined to any particular system or any part of any 
one plant, but is quite general. The engine-houses are not ugly, 
and their interiors are often attractive. Gate-houses, aqueducts, 
and dams are decoratively treated, and form pleasing features 
in the landscape. The slopes of reservoirs are kept trim, and 
the grounds generally turned into lawns with flower beds, and 
perhaps a fountain. No doubt the sanitary conditions imposed 
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have had much to do with this, but the result is none the less in 
good taste. We cannot avoid, however, a stray shot at the ugly 
standpipe, with conical cap, sometimes seen in our smaller 
towns. This is unnecessary. When enclosed it has been made 
an interesting object, and even the bare pipe can be ornamented 
in such H way as to relieve its nakedness. 

There is much encouragement in the growing appreciation and 
enjoyment of public parks and boulevards. Cities and towns all 
over the land are trying to beautify what they already have, and 
are adding new territory to their park resources. Admirable 
skill has been shown in utilizing the natural features of the local 
landscape, the rocks, tree masses, meadows, ravines, ponds, and 
streams, the wide expanse of ocean or glimpses of bright water. 
The curving roads and paths, with undulating gradients, have a 
beauty of their own, and lead one from point to point of the 
ever changing scene, and yet bind it all into one harmonious 
whole. While the landscape engineer deserves credit, not so 
much praise can be given park commissioners for the artificial 
adornments which they have added to his work. Notwithstand- 
ing the fact that these are sometimes labelled as artistic, they 
do not always fit in appropriately. 

The writer firmly believes that there is a latent aesthetic quality 
in American life that is now struggling to find both means for its 
gratification and methods of expression. Before there can be 
knowledge of its meaning and power there must be many attempts 
and many failures. The whole process is one of education, and 
that largely in the school of experience. This applies to the 
industrial and constructive arts, as well as to the fine arts. The 
engineer will share in the general movement, but this is not 
enough. As a designer of so much that the world needs for daily 
use, he must do more than keep up, he must keep in advance. 
He must not only have a capacity to enjoy, but also the power to 
originate and apply. To this end he must give preliminary study 
and thought to the principles of sesthetic design, so gaining an 
intellectual knowledge of them. American engineering schools 
are doing little or nothing to help the young engineer to this. 
So far as the writer knows, there is but one American text- 
book, Professor Johnson's book on bridges, that includes any 
discussion of the matter. A course of study in engineering 
aesthetics near the close of college life would be a great help and 
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stimulus to a young graduate, at least opening his eyes to the fact 
that there was such a thing. After knowledge comes the applica- 
tion of principles as tests to an engineer's own work and to that 
of other men. And, finally, with theoretical and practical 
knowledge well in band, and a love of what is beautiful, comes 
the impulse to work artistically. With such engineers and an 
appreciative clientele American engineering would be artistic. 
To this end let ua work. 



PAPERS READ. 

Beginning Tubsdat, August 25. 



STEAM ENGINEERING. 

The most economical points of cut-off for steam. By Prof. Henhy 
T. £ddt, University of Minnesota, Minneapolis. (Published in The 
Electrical World, Sept. 26, 1896.) 

The performance of small steam pumps. By Prof. M. E. Coolet, Uni- 
versity of Michigan, Ann Arbor, Mich. 

The friction of the water in the pipes of a hot water heating 
system. By Prof. J. H. Kinealt, Washington University, St. Louis, Mo. 

On a continuous indicator for engine tests. By Prof. Thomas Gray, 
Rose Polytechnic Inst., Terre Haute, Ind. 

New water peony brake for testing steam turbines without reduc- 
tion GEARING. By Prof. J. E. Denton, Stevens Institute, Hoboken, N. J. 
(Published in Power.) 

Apparatus for tracing a curye representing the force required to 
overcome the inertia of the reciprocating parts of a steam 
ENGINE. By Prof. D. S. Jacobus, Stevens Institute, Hoboken. N. J. 
(Published in Power.) 

An apparatus for accurately measuring pressures of 2,000 pounds 
per square inch and oyer. By Prof. D. S. Jacobus, Stevens Institute, 
Hoboken, N. J. (Published in Power.) 

Apparatus for exhibiting the distribution of moisture in a steam 
MAIN. By Prof. D. S. Jacobus, Stevens Institute, Hoboken, N. J. (Pub- 
lished in Power.) 

Values of heat of combustion of various gases per cubic foot fob 
USE in calculating the heating power from the analysis of a 
GAS. By Prof. D. S. Jacobus, Stevens Institute, Hoboken, N. J. (Pub- 
lished in Power.) 
A. A. A. 8. VOL. XLV. 7 (97) 



98 SECTION D. 



MECHANICS AND MATERIALS. 

On the molecular stability of mbtalh. By Prof. Wm. A. Roobrs, 
Colby University, Waterville, Me. ' 

A NEW testing machine for beams and framed structures (capacity 
50 tons). By Prof. Maltbrd A. Howe, Rose Polytechnic Inst., Teire 
Haute, Ind. 

On the yield point of steel. By Prof. Thomas Gray, Rose Polytechnic 
Inst., Terre Haute, Ind. 

On the conyersion of an ordinary planer into an apparatus for 
PRECISE graduations. By Prof. Wm. A. Rogers, Colby University, 
Waterville, Me. 

HYDRAULIC ENGINEERING. 

The hydrographic suryey. By Prof. F. H. Newell, U. S. Geological 
Survey, Washington, D. C. 

Some notes, physical and commercial, upon the delta of the Missis- 
sippi RiYER. By Elmer L. Corthell, C. E., New York City. 

(This paper was printed for priYate distribution by the author. Copies can 
be had on application to Elmer L. Corthell, C. E., 71 Broadway, New York 
City.) 

MISCELLANEOUS. 

An arrangement using storage batteries for the automatic regula- 
tion OF ENGINE LOADS IN POWER PLANTS OF YARIABLE OUTPUT. By 

Prof. W. S. Franklin; Iowa State College, Ames, Iowa. (Published in 
The Electrical World.) 

The cycle of the plunger-jig. By ProU R. H. Richards, Mass. Inst of 
Technology, Boston. (To be published in Transaclions of the American 
Inst, of Mining Engineers.) 

Soaring flight. By O. Chanute, Chicago, 111. 

Tht Section adjourned Thursday noon, August 27. 



SECTION E. 



GEOLOGY AND GEOGRAPHY. 



OFFICERS OF SECTION E. 



Yioe-Pretident and Chairman of the Section. 
Benjamin K. Emerson, Amherst, Mass. 

Secretary. 
William North Rice, Middletown, Conn. 

Councillor. 
Arthur Hollick, New York, N. Y. 

Sectional Committee. 

Benjamin K. Emerson, Amherst, Mass., Vice-President, 1890. 

William North Rioe, Middletown, Conn., Secretary, 1896. 

Jbd. Hotchkiss, Staunton, Va., Vice-President, 1895. 

J. Perrin Smith, Palo Alto, Cal., Secretary, 1896. 

Charles H. Hitchcock, Hanover, N. H. 

Edw. W. Claypole, Akron, Ohio. 

M. Edward Wadsworth, Houghton, Mich. 

Member of Kominating Committee. 
H. L. Fairghild, Rochester, N. Y. 

Committee to ITominate Officers of the Section. 

The Vice-President and Secretary ; and John J. Stevenson, New York, N. Y. ; 

JosupH Le Conte, Berkeley, Cal. ; Edward Orton, 

Columbus, Ohio. 

Press Secretary. 
F. B. Taylor, Fort Wayne, Ind. 



ADDRESS 

BT 

VICE-PRESIDENT 

B. K. EMERSON. 

CHAIRMAN OF SECTION E. 



GEOLOGICAL MYTHS, 



Many years ago I visited the British flagship **Bellei'ophon " 
in the harbor of Bermuda, and was told that when the ship was 
first named the sailors wrestled with the sonorous but unmeaning 
name, and quickly transformed it into '^ Billy-ruffian," and it 
became at once intelligible, and belligerent, and satisfying. 

There arose, however, a contest in the forecastle as to whether 
"Billy-ruffian" or "Bully-ruffian " was the correct thing, -^cer- 
tain rude fellows of the baser sort wishing to have the word 
pugnacious in both its proximal and distal extremities. 

This illustiates the principle of attraction in language whereby 
words witliout meaning to the users tend to be modified into forms 
which at least appear intelligible. 

It is said that when asparagus was introduced into England 
the peasants immediately called it "sparrow-grass," and went on 
to explain that the reason it was called sparrow-grass was because 
the sparrows ate the red berries. 

This illustrates the second step of the process. The word is 
first attracted into a form which has a meaning, and in its turn 
this meaning requires a justification, and this the meaning itself 
quickly suggests. 

The peasant was not disturbed by, or did not observe, the fact 
that the sparrows do not eat the red berries. This would have 
been to have risen to the "verification of hypothesis," — an inde- 
fensible encroachment on the terrain of the British philosopher. 

(101) 
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I propose to trace the history of several myths which have their 
origin in remarkable geological phenomena, for I hardly need to 
say that I do not use the word myth in the modern fashion of 
newspaper English, as a false report, a canard, in short, a news- 
paper story; but as meaning a history, treasured and hallowed 
in the literary aud religious archives of an ancient folk, of some 
startling or impressive event, that, in the stimulating environ- 
ment of poetry and personification, has completed a long evolu- 
tion, which disguises entirely its original, — 

" Has suffered a sea-change 
Into something new and strange/' 

SO that, in fact, its study is paleontological. 

I propose to speak of the Chimsera, or the poetry of petroleum, 
of the Niobe, or the tragic side of calcareous tufa, of Lot's wife, 
or the indirect effect of cliff erosion, and of Noah's flood, or 
the possibilities of the cyclone and the earthquake wave working 
in harmony. 

THE CHIMJSRA. 

The myth of the Chimaera is told, in its earliest form, in a 
quaint old translation of Hesiod, who, according to the Marbles 
of Paros, lived about nine centuries before the Christian £i*a. 

" From the same parents sprang ChimsBra dire, 
From whose black nostrils issued flames of fire ; 
Strong and of size immense ; a monster she 
Rapid in flight, astonishing to see ; 
A lion's head on her larg^ shoulders grew, 
The goats and dragons terrible to view ; 
A lion she before in mane and throat, 
Behind a dragon, in the midst a goat ; 
Her Pegasus the swift subdued in flight 
Backed by Bellerophon, a gallant knight. 
From Orthus and Chimaera, foul embrace. 
Is Sphinx derived, a monster to the race." 

The same story is told a little later by Homer ^ with more 
grace of diction. 

" And Glaucus in his turn begot 
Bellerophon, on whom the gods bestowed 
The gifts of beautj and of manlj grace. 

1 Iliad, YI. 180; Earl Derby's Translation, YI., 184-916. 
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Bat Prcetos soaght hifl death ; and mightier far, 
From all the coasts of Argos drove him forth. 

To Lycia, guarded hj the gods, he went ; 
But when he came to Lycia and the stream 
Of Xanthns, there with hospitable rites 
The king of wide-spread Lycia welcomed him. 
Nine days he feasted him, nine oxen slew ; 
But with the tenth return of rosy mom 
He questioned him and for the tokens asked 
He from his son-in-law, from Proetus bore 
The token's fatal import understood, 
He bade him first the dread ChimsBra slay, 
A monster sent from heay*n — not human born, 
With head of lion and a serpent's tail, 
And body of a goat, and from her mouth 
There issued flames of fiercely -burning fire. 
Tet her, confiding in the gods, he slew. 
Next with the valiant Solymi, he fought 
The fiercest fight he ever undertook, 
Thirdly the women-warriors he overthrew, 
The Amazons." 

It will be seen here that Bellerophon, like Hercules or 8t. 
George, is a professional wandering slayer of dragons. His 
name from ySoAXcu, the far-throwing rays of the sun, shows him 
to be a type of the wide-spread sun-myth, whose rising rays 
strike down the forms of darkness. 

But the myth of Chimsera is independent of him, and is always 
localized; there is always the tail of a dragon, the body of a 
goat, and the head of a lion, or the three heads of lion, goat, 
and serpent, and it vomits fire, and ravages in the mountains of 
woody Lycia. 

The classical prose-writers describe the phenomenon with 
curious accuracy. Seneca says : — 

" In Lycia regio notissima est 
Ephestion incolse vocant. 
Perforatum pluribus locis solum, 

Quod sine alio nascentium damno ignis innoxius circuit. 
Lseta itaque regio est et herbida nil flammis adurentibus." 

(In Lycia is a remarkable region, which the inhabitants call 
£phe8tion.^ The ground is perforated in many places; a fire 
plays harmlessly without any injury to growing things. It is a 

1 That is, Valcan. 
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pleasant region, therefore, and woody, nothing being injured by 
the flames.) 

Strabo says, simply: ''The neighborhood of these mountains 
is the scene of the fable of the Chimaera, and at no great distance 
is Chimaera, a sort of ravine, which extends upward from the 
shore." And Pliny, with his accustomed mingling of truth and 
fiction, says: '* — et ipsa (Chimaera) saepe flagrantibus jugis" 
(and Chimaera itself with its flaming peaks). And again: "Fla- 
grat in Fhaselide Mons Chimaera et quidem immortali diebus ac 
noctibus flammft.'* (Mount Chimaera burns in Fhaselis with a cer- 
tain immortal flame shining by day and by night.) Also: "In the 
same country of Syria the mountains of Hephaestius, when touched 
with a flaming torch, burn so violently that even the stones in the 
river and the sand burn while actually in the water. This fire 
is also increased by rain, if a person make furrows in the 
ground with a stick which has been kindled at this fire, it is said 
that a stream of flame will follow it." 

Servius, the ancient commentator of Virgil, explains the myth 
as follows: ''The flames issue from the summit of the mountain, 
and there are lions in the region under the peak, the middle 
parts of the hill abound with goats, and the lower with serpents.** 
While the modern commentators say: **The origin of this fire- 
breathing monster must be sought probably in the volcano of the 
name of Chimaera in Fhaselis in Lycia," * and the myth did not 
escape the great, but largely wasted, erudition of Knight, who 
says: "In the gallery in Florence is a colossal image of the 
Fhallus, mounted on the back parts of a lion, and hung round 
with various animals. By this is represented the co-operation 
of the creating and destroying powers, which are both blended 
and united in one figure, because both are derived from one cause. 
The animals hung round show also that both act to the same 
purpose, that of replenishing the earth, and peopling it with 
still rising generations of sensitive beings. The Chimaera of 
Homer, of which the commentators have given so many whimsical 
interpretations, was a symbol of the same kind, which the poet, 
probably having seen in Asia, and not knowing its meaning 
(which was only revealed to the initiated), supposed to be a 
monster that had once infested the country. He described it as 

1 Smith's Diet, of Clas. Antiq., sub Chimera. 
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composed of the forms of the goat, the lion, and the serpent, and 
breathing fire from its mouth (II. VI. 182). These are the 
symbols of the creator, the destroyer and the preserver, united, 
and animated by the fire, the divine essence of all three. 

" On a gem published in the Memoirs of the Academy of Cor- 
tona this union of the destroying and preserving attributes is 
represented by the united forms of the lion and the serpent crowned 
with rays, the emblems of the cause from which both proceed. 
This composition forms the Chnoubis of the Egyptians."^ 

And thus the matter rested until, in the end of the last century, 
Admiral Beaufort," while anchored off Lycia on hydrographic 
work, saw each night a strong flame on the peak of a mountain 
a few miles back from the coast, and was told by the inhabitants 
that it had always burned there. 

He visited the place, and found flames of natural gas issuing 
from a crevice on a mountain of serpentine and limestone. 

In 1842, Spratt and Forbes* report, as follows, on the localitj': 
Near Ardrachan, not far from the ruins of Olympus, a number of 
serpentine hills rise among the limestones, and some of them 
bear up masses of that rock. At the junction of one of these 
masses of scaglia with the serpentine is the Yanar (or Yanar- 
dagh), famous as the Chimsera of the ancients, rediscovered in 
modern times by Captain Beaufort. It is nothing more than a 
stream of inflammable gas issuing from a crevice, such as is seen 
in several places among the Apennines. The serpentine imme- 
diately around the flame is burned and ashy, but this is only for 
a foot or two, — the immediate neighborhood of the Yanar pre- 
senting the same aspect it wore in the days of Seneca, who writes, 
'^Lseta itaque regio est et herbida, nil flammis adurentibus." 

Such is the Chimsera, '*flammisque armata Chimaera," * deprived 
of all its terrors. It is still, however, visited as a lion by both 
Greeks and Turks, who make use of its classic flames to cook 
kabobs for their dinner. 

In 1854 it was visited by the Prassian painter. Berg, who has 
reproduced the scene in a fine painting now in Berlin.^ The flame 

1 Richard Payne Knight. Discourse on the Worship of Priapa», p. 73. 

s Beaafort*8 Karamania, 35, 52, 85. 

« Travels in Lycia, If. 181, 1847. 

4 Virgil, iEneid, VI. 288. 

fi Zeitschrift, All. Erdkande, III. 307. 
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which, he Bays, gives the odor of iodine, is three or four feet 
high. Several extinct openings were found in a pool of sul- 
phurous water. 

The Austrian geologist, Tietze,^ found the flame two feet 
across, and a smaller one adjacent. The mins of an ancient 
temple of Vulcan, near by and of a late Byzantine church, show 
how strongly it has impressed the inhabitants in all ages.^ 

The natural phenomenon of a spring which is found by historic 
documents to have been burning for nearly three thousand years 
is sufficiently striking, although the slow escape of such gas from 
tertiary limestones is not uncommon. The mention of sul- 
phurous waters in the neighborhood may justify us in going back 
to the same antiquity and drawing from the remark of Theo- 
phrastus (ITcpt rwv kCO(ov) on the oxidation of pyrite in contact 
with bitumen, an explanation of the constant ignition of the gas. 

Theophrastus says: '^That, also, which is called Epinus (or 
Spelus) is found in mines. This stone cut in pieces and thrown 
together in a heap exposed to the sun, burns, and that the 
more if it be moistened or sprinkled with water." 

We may of course assume the more prosaic spontaneous com- 
bustion of the volatile hydrocarbons to explain the constant 
rekindling of the sacred fires. 

It remains to consider how the myth and its name arose. The 
mountain is still called Yanar-dagh, the burning mountain, and 
in a learned work on coins of S icy on, which reproduce the 
Chimsera, M. Streber derives the name from the Phoenician 
word Chamirah, which means the burning mountain. 

But the Greek word xa/x-oipa means a goat, and has almost the 
same sound, and we can see clearly how, as the Greek settlements 
spread over Lycia, from the north, the meaningless Phoenician 
names were retained like the Indian names in America, and how 
the story slowly went back to the fatherland — et crescit eundo — 
of a strange mountain called Chamira, from which portentous 
flames escaped, and then of a monster Chimsera, of goat-like 
form, vomiting flames and ravaging in the mountains of woody 
Lycia. And so the story was finally fitted for the manipulation 
of the poets, who little thought they were making the stout Bel- 
lerophon run a quixotic tilt against a burning gas well. 

^ Beitrage zar Geologie Ljkieo. Jahrbuch d. K. K. G«ol. ReichMinstalt, XXXY. 
353. 

3 C. Rittcr, Erdkunde, Thcil 19, 761. 
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THE NIOBB. 

Like the Chimsera, the Niobe is an episode in Greek Mythol- 
ogy, easily separated from the rest without disturbing the Greek 
Pantheon. I do not need to describe the great group of the 
Niobe, the mother weeping over her children, who fall before the 
shafts of Apollo, which adorns the gallery of the Ufflzi at 
Florence, and forms one of the masterpieces of Greek sculpture, 
the glory of Scopas or Praxiteles. I do not need to recall the 
story as told by Homer, how Niobe, the daughter of Tantalus, 
proud of her twelve children, despised Latona, who had but two ; 
how, therefore, Phoebus and Artemis slew all the twelve with their 
arrows : — 

" They lay unburied on the plain for nine days, when Zeus 
changed them to stone, and on the tenth day the heavenly gods 
buried them. And now, upon arid Sipylus, upon the rocks of the 
desert mountain, where, they say, are the couches of the divine 
nymphs, who dance upon the banks of Achelous, Niobe, though 
turned to stone, still broods over the sorrow the gods have sent 
upon her." 

And Ovid says : — 

*' She weeps still, and borne by the hurricane of a mighty wind, 
She is swept to her home, there fastened to the cliff of the mount, 
She weeps, and the marble sheds tears yet even now.*' 

As one climbs from the Gulf of Smyrna, between Mount 
Tmolus and Sipylus, up the rich valley of the Nif, or Nymphio, 
there appears, high up in the vertical wall of limestone, the colos- 
sal bust of a woman standing on a high pedestal and in a deep 
alcove. It is cut out of the living rock, like the Swiss lion at 
Lucerne. 

A recess twenty-five feet high and sizteen feet wide has been 
cut in the rock for the lower part, and a smaller alcove of much 
greater depth surrounds the bust itself. All the face of the rock 
around is smoothed, and a broad ledge is cut around the pedestal 
to receive the offerings of the ancient Phoenician worshippers of 
this almost prehistoric statue of the great Mother Cybele, or of 
Meter Sipylene; gods of the. Phoenicians. 

From the valley below it makes the impression of a full-length 
statue with flowing robes, but near at hand the robes are seen to 
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be the very tears of Niobe, formed where the drip of the watera 
from the limestone roof of the alcove has first struck her cheeks, 
and running down across her breast has made rippling surfaces 
of bluish tufa, which has all the effect of tears. 

The statue had been greatly corroded, and the stalagmite tears 
had formed already in the days of Pausanias, who says: " When 
standing close to it the rocks and precipice do not show to the 
beholder the form of a woman, weeping or otherwise, but if you 
stand farther back, you think you see a woman weeping and sad." 

And even in the times of Homer the memory of the earlier and 
vanished worshippers was at best a dim tradition, and the facile 
imagination of the Greeks had built up the whole beautiful leg- 
end, every element of the surrounding scenery adding its portion 
of suggestion, and it is marvellous how all parts of the story still 
linger in the valley. 

As the grand missionary, artist, and geologist, van Lennep, 
from whom I have obtained most of this account,^ who in all his 
travels in Asia Minor collected carefully, and labelled carefully, 
and sent valuable material to his Alma Mater, Amherst, was 
climbing to the statue, his guide, a cake-seller by the roadside, 
said: " There is a tradition that this statue was once a woman, 
whose children were killed, and she wept so that God changed 
her to stone. They say that her tears make a pond down there, 
and still keep it full." 

All the people of the region, ignorant and learned, agree in this, 
while all travellers have called this the statue of Cybele. 

Their name for the valley, Nif, is a corruption of Nymphio, as 
Homer says, ''the couches of the divine nymphs." Sipylus, the 
name of the mountain to this day, was also the name of the 
oldest son of Niobe. 

Niobe was the daughter of Tantalus. Tantalus, from 
ToXavrevco, to balance, is a rock poised in the air, an allusion to 
the ledges overhanging the statue, and threatening to fall and 
crush it. 

That she is the mother of many children may be a reminiscence 
from Cybele, the All-mother, and the mention of the couches of 
the divine nymphs seems to suggest some ancient nature worship 
of the valley. The children slain by the arrows of Phoebus ai-e 
the masses of rock dislodged from the cliffs around her by the 

1 Asia Minor, II. 300. London, John Murray, 1870. 
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action of sun and rain, and forming the great talus at the foot of 
the bluff. 

"They lie unburied on the plain," Homer tells us, "till on the 
tenth day the heavenly gods bury them," as the fallen rock 
quickly disintegrates under the influence of the weather in this 
warm climate. The Greek word, Niobe, connects itself with the 
pouring of water and the falling of snow (vt'Co), wttto), and vt<^<ii), so 
a Greek impersonation of the drip from the marble cliff upon the 
ancient rock sculpture might easily have acquired the name 
of Niobe, the weeping one. 

"It seems, thus," says van Lennep, "that this sculpture was 
executed in a very remote antiquity, to represent Cybele, the 
mother of the gods, or some form of nature- worship, that the 
water drip from the rock above gave it, from the first, the same 
striking watermark which it still bears, maintained by the same 
cause, and that this appearance suggested to the lively imagina- 
tion of the Greek the whole myth of Niobe, — her tears, her 
sorrows, her strange transformation, her perpetual weeping; so 
this most ancient statue is not an image sculptured to represent 
this story of Niobe, but is itself the very original from which the 
story spiling." It is thus an impressive testimonial of the 
vast importance of the loose bond by which the second molecule 
of CO, is held combined in calcic bicarbonate. 

lot's wife. 

Looking down on that most marvellous of all lakes, — the Dead 
Sea, the Lacus Asphaltites of the Romans, — the sea of Lot of 
the Arabs, still stands the great column of salt into which Lot's 
wife was changed. 

"She was changed into a pillar of salt," says Josephus, "for I 
have seen it, and it remains to this day." 

And Irenaeus explains how it came to last so long with all its 
members entire, because "when one was dissolved it was renewed 
by miracle." It was, in fact, the geological miracle of erosion. 

The column looks down from the plain of Sodom, and on the 
great southern bay of the sea, ten miles square, and but one 
or two feet deep, where sulphur, deposited by many hot springs, 
is abundant in the clay, and where bitumen oozes from every 
crevice of the rock, and every earthquake dislodges great sheets 



110 SECTION E. 

of it from the bottom of the lake, where the Arabs still dig pits 
for the " stone of Moses " to gather in, and sell it in Jerusalem, 
and where, in that most ancient fragment of the Pentateuch, four 
kings fought against five, and the kings of Sodom and Gomorrah 
slipped in the slime-pits and fell. One who has read of the 
burning of an oil well or oil creek, or in Apscheron will have a 
clear idea of the catastrophe which overtook the cities of the plain 
where the Lord rained upon Sodom and upon Gomorrah brimstx>ne 
and tire out of heaven. 

Following the latest extremely interesting researches of Blank- 
enkorn, ^ we may picture the upper cretaceous plateau of Judea, — 
an old land, cleft at the end of the Tertiary by many faults, be- 
tween which a great block sank to form the bottom of this deep 
sea. It carried down in the fossil if erous and gypsum-bearing 
beds the source of the bitumen and the sulphur. We may picture 
the waters standing much higher than now during the pluvial 
period, which matched the northern glacial period, rising nearly 
to the level of the Red Sea, but never joining it. In the suc- 
ceeding arid interglacial period, the time of the steppe fauna in 
Europe, the sea shrank to within a hundred meters of its present 
level, and deposited the great bed of rock-salt which underlies the 
low plateaus around its southern end. The advent of the second 
glacial period was here the advent of a second pluvial period, 
which swelled the waters and carried the bitumen-cemented con- 
glomerates over the salt-beds to complete the low plateau. After 
a second arid period with some lava flows, and a third pluvial 
period with the formation of a lower and broader teiTace, the 
waters shrank to the present saturated bitterns in the present 
arid period. In the earlier portion of this last or post-glacial 
stadium, a final sinking of a fraction of the bottom of the trough, 
near the south end of the lake, dissected the low salt plateau, 
sinking its central parts beneath the salt waters, while fragments 
remain buttressed against the great walls of the trench forming 
the plains of Djebel Usdum and the peninsula El Lisan, with the 
swampy Sebcha between. Imagine a central portion of one of 
the low plains which extend south from the " Finger Lakes " to 
sink, submerging Ithaca or Havana in a shallow extension of 
the lake waters. It exposed the wonderful eastern wall of 

1 Dr. Max Blankenkorn, Entstehung und Geschichte des Todten Meera. Zeit. 
Deatach. Palestina-Vereins, vol. xix. p. 1, 1896. 
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Djebel Usdum : seven miles long, with 30 — 45 m. of clear blue 
salt at the base, capped by 125 — 140 m. of gypsum-bearing marls 
impregnated with sulphur, and conglomerates at times cemented 
by bitumen. It was this or some similar and later sinking of 
the ground, at the time when geology and history join, which, 
with its earthquakes, overthrew the cities of the plain and caused 
the outpour of petroleum from the many fault fissures and the 
escape of great volumes of sulphurous and gaseous emanations, 
which, ignited either spontaneously, by lightning, or by chance, 
furnished the brimstone and fire from heaven, and the smoke of 
the land going up as the smoke of a furnace which Abraham saw 
from the plains of Judea. 

But with Lot's wife the case is different. The bed of salt out 
of which she was carved, and has been many times carved, was 
exposed by the very catastrophe which destroyed the cities ; and 
Lot fled to Zoar in a direction opposite to that in which the salt 
bed lies. As Oscar Fraas found his Arabs calling the salt pyra- 
mid ^^ Lot's column," so, in early times, when the tradition of the 
burning cities was gradually growing into the myth of Sodom, 
and of Lot, some old name of the salt column, grown meaning- 
less, may have had such sound as to suggest the term, ^^ Lot's 
wife," — Bint Sheck Lut, or the woman's own name in the current 
language, as Chamirah, the burning mountain, suggested Chimsera, 
the goat, and the answer to the question why was the salt column 
called Lot's wife was quickly given and woven into the legend. 
In that dry climate successive erosions have reproduced it along 
the seven-mile ridge of salt, still called Kashum Usdum or 
Sodom. 

THE FLOOD. 

Only through an exegesis of the German words Alluvium and 
Diluvium would the young geologist be reminded of the time 
when the Flood was a burning question in geology, an igneo- 
aqueous question, so to speak, — when commentaries explained the 
fossil shells in the Appeuines as due to Noah's Flood, and Vol- 
taire tried to break the force of this important proof of the truth 
of the Bible by declaring these shells to be the scallop-shells 
thrown away by expiring pilgrims of the Crusades ; — when An- 
dreas Scheuzer apostrophized his fossil salamander (^^Homo 
diluvii testis et theoscopos **)i ^ 
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'' Betriibtes Beingerust von einem alten Sunder 
Erweiche Stein und Uerz der neuen Bosheito-kinder." 
This ancient sinner's scattered and dishonored bones 
Should touch the stony hearts of modern wicked ones. 

It was thus a great surprise when one of the most powerful and 
philosophical works of the century on Geology, "Das Antlitz 
der Erde " of Suess, had as its opening chapter an explanation of 
the Flood as due to a coincidence of a cyclone and an earthquake 
at the mouth of the Euphrates. The Biblical account is plainly 
exotic, told by a people ignorant of sea-faring, — a fresh- water 
account of a salt-water episode. The description of the vessel as 
a box or ark, the going in and shutting the doors, and the open- 
ing of the windows remind one of a house-boat, and indicate the 
adaptation of the story to the comprehension of an inland people. 
Its minor discrepancies and blending of the Jahvistic and Eloh- 
istic elements show the story has come by devious courses from 
a distant source. 

The account of the Chaldean priest, Berosus, 250 b. c, located 
the occurrence at the mouth of the Euphrates, where the native 
boatman still pitches his boat within and without with pitch, as 
the ark was pitched. 

Berosus, priest of Bel, quoted by Alexander Polyhistor, says 
that the Flood occurred under the reign of Xisuthros, son of 
Otiartes. Kronos announces to Xisuthros, in a dream, that on 
the fifteenth of the month Daisios all mankind shall be destroyed 
by a flood. He commands him to bury the writings containing 
the records of the history of his country at Sippara, city of the 
dead, then to build a vessel, to stock it with provisions, then 
to embark with his family and his friends, also to take quadru- 
peds and birds with him. 

Xisuthros obeys the command. The Flood occurs, and covers 
the land, it decreases, he lets out birds to gain knowledge of the 
state of things, and finally leaves the ship, and prepares, with his 
family, an oflfering to the gods. Xisuthros is then, for his piety, 
translated to live among the gods, with his wife, his daughter, and 
the steersman. Of the ship of Xisuthros, which finally stranded 
in Armenia, there still remains a portion in the Cordyaian Moun- 
tains in Armenia, and the people scrape off the bitumen with 
which it is covered, and use it as an amulet against sickness. 
And as the others had returned to Babylon and had found the 
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writings at Sippara, they built towns and erected temples, and so 
Babylon was again peopled. 

Twenty years ago George Smith excavated and translated the 
inscribed tiles of the library of Asurbanipal, King of Assyria, 
670 B. c, who, at the time of the founding of Greece, was gath- 
ering copies of the sacred writings of the ancient cities of Asia. 
The historical books of this library carry the annals of the 
Babylonians back 3800 b. c, but contain no ceii;ain account of 
any flood. How remote must then have been the great catastrophe 
which had filtered down in tradition and become embalmed in 
sacred myth and stately poem before the dawn of history ! I pre- 
sent here, after the latest translations of Haupt and Jensen,^ the 
last but one of the cantos of the Gilgamos Epic, corresponding to 
the eleventh sign of the zodiac, Aquarius (or month of the curse 
of rain), containing the story of the Flood. 

Gilgamos ( = Nimrod), the hero of Urruh, leaves his native 
town sick and troubled by the death of his friend Eabani, and 
visits his ancestor Samasnapisthim ( = Xisuthros) called Hasis- 
adra ( = the devout wise man). Hasisadra spoke to him, to Gil- 
gamos, "I will make known unto thee, O Gilgamos, the hidden 
story, and the oracle of the gods I will reveal to thee. The city of 
Shuripak, — the city which, as thou knowest, lies on the bank of 
the river Euphrates, — this city was already of high antiquity 
when the gods within set their hearts to bring on a flood storm (or 
deluge). Even the great gods who were there, — their Father 
Anu, their councillor, the warlike Bel, their throne-bearer, Adar, 
their prince, Ennugi. But the Lord of unfathomable wisdom, 
the god Ea (the god of the sea), sat alone with them in council, 
and announced their intention unto the field, saying, Field ! Field ! 
town! town! field! hear! town; give attention, O man of 
Shurippak, son of Ubara-Tutu (The splendor of the Sunset, 
Lenaimont, Sayce). Destroy thy house, build a ship, save all 
living beings which thou canst find. Withdraw from what is 
doomed to destruction. Save thy life, and bid the seed of life of 
every kind mount into the ship. 

''The vessel which thou shalt build, 600 half cubits in length, 
shall be her shape, and 120 half cubits the dimensions for both 

1 Haupt : in Das Ansicht der Erde. The first part from a later translation ; Johns 
Hopkins Circulars (VHI. No. 69, p. 17), P. Jensen in Dr. Carl Schmidt, Das Natur- 
ereignia der SUftdflut. 
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her width and depth. Into the sea launch her. When I under- 
stood this, I spake unto the god Ea, — My lord, thy command 
which thou hast thus commanded, I will regard it. I will perform 
it, but what shall I answer the city, the people, the elders? (The 
young men and the eldera would ridicule me.) 

*'The god Ea opened his mouth and spake unto me, his ser- 
vant: * And thou shalt thus say unto them, "I know the god Bel 
(the god of Shuripak) is hostile to me, so I cannot remain in (the 
city); on Bel's ground I will not rest my head. I will sail into 
the deep sea; with the god Ea my lord I will dwell.'' But upon 
you there will pour down a mass of water. Men, fowl, and beast 
will perish, the fish only will escape. . . . And when the sun will 
bring on the appointed time Kukki will say, '^In the evening the 
heavens will pour down upon you destruction." 

" * Then, however, close not thy door until the time comes that 
I send thee tidings. Then enter through the door of the ship, 
and bring into its interior thy food, thy wealth, thy family, thy 
slaves, thy maidservants and thy kindred. The cattle of the 
field, the wild beast of the plains . . . will I send you, that 
thy gates may preserve them all.' 

^^ Hasisadra opened his mouth and spake. He said to Ea his 
lord : *' No one has ever built a ship in this wise on the land. 
However, I will see to it, and build the ship upon the land, as 
thou hast commanded.' (The description of the building of the 
vessel very partial.) I built the ship in six stories. I saw the 
fisflures, and added that which was lacking. Three sars of bitu- 
men I poured upon the outside, three sars of bitumen I poured 
upon the inside. (Thirteen lines of description illegible.) The 
vessel was finished. All that I had I brought together, all that 
I had in silver I brought together. All that I had of gold I 
brought together. All that I had in living seed I brought 
together. And I brought all this up into the ship, all my man- 
servants and my maidservants, the cattle of the field, the wild 
beast of the plain, and all my kindred, I bade embark. 

"As now the sun had brought on the appointed time, a voice 
spake : ' In the evening the heavens will rain destruction. Enter 
into the interior of the ship and shut the door. The appointed 
time is come.' The voice said, ' In the evening the heavens will 
rain destruction.' With dread I looked forward to the going 
down of the sun. On the day appointed for embarking I feared 
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(greatly). Yet I entered into the interior of the ehip and shut to 
my door behind me to close the ship. To Buzurbil, the steers- 
man, I gave over the great structure with its load. Then arose 
Museri-ina-namari from the foundations of the heavens, — a 
black cloud, in whose middle Ramraan (the weather-god) let his 
thunder roar, while Neba and Sarru rush at each other in 
warfare. 

^- The Throne-bearers stalk over mountain and land, 

The mighty god of pestilence let loose the whirlwinds (?) 

Adar lets the canals overflow unceasingl}'. 

The Anunnaki raise their torches, 

They make the earth glow with their radiant gleams. 

Ramman's inundating wave rises up to heaven, 

All light sinks in darkness. 

In a day they lay waste the earth like a plague, the winds raging 
blow. 

Mountain high they bring the waters to fight against mankind. 

The brother sees the brother no more, 

Men care no more for one another. 

In heaven the gods fear the deluge and seek refuge. 

They mount up to the heavens of the god Anu. 

Like a dog in its lair the gods crouch at the windows of heaven. 

Istar (the mother of mankind) cries like a woman in childbirth. 

The sweet-voiced queen of the gods cries with loud voice : 

^ The dwelling place of mankind is reduced to slime. 

That has come which I announced before the gods as an ap- 
proaching evil. 

I have announced the evil before the gods, — 

The war of destruction against my children have I announced. 

That which I brought forth, where is it It fills the sea like fish- 
spawn.' 

Then the Grods wept with her over the doings of the Anunnaki. 

They pressed their lips together." 

''Six days and six nights the wind and the deluge and the storm 
prevailed. At the opening of the seventh day, however, the storm 
lessened, the hurricane, which had waged a warfare like a mighty 
army, was appeased, and storm and deluge ceased. I sailed the 
sea mourning that the dwelling-places of mankind were changed 
to slime. Like logs the bodies floated around. I had opened a 
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Window, and as the light of day fell upon my face I shuddered 
and sat down weeping. My tears flowed over my face. Wher- 
ever I looked was a fearful sea. In all directions there was no 
land. Helpless the ship drifted into the region of Nizir. There 
a mountain in the land of Nizir held the ship stranded, and did 
not allow it to advance farther toward the heights. On the first 
and second day the mountain of Nizir held the ship. Also on 
the third and the fourth day the mountain of Nizir held the ship. 
Even so on the fifth and the sixth day the mountain of Nizir 
held the ship. At the approach of the seventh day I loosened a 
dove and caused it to go forth. The dove went, it turned, and it 
found not a place where to rest, and it returned. I loosened and 
I caused to go forth a swallow. It went, it turned, and it found 
not a place where to rest, and it returned. I loosened and I 
caused to go forth a raven. The raven flew off, and as it saw 
that the water had fallen it turned back. It waded in the 
water, but it returned not. 

" Then I caused all to go forth to the four winds, and made a 
sacrifice. I erected an altar on the peak of the mountain. I dis- 
posed of the measured vases, seven by seven ; beneath them I 
spread seeds, — cedar and juniper. The gods smelled the odor. 
The gods smelled the good odor. The gods gathered like flies 
above the master of the sacrifice. From afar then the goddess 
Istar at her approach raised the great bows that Anu has made 
as their glory. She said, ^By the ornaments of my neck never 
will I forget. These days will I remember and never will I 
forget them forever. May the gods come to my altar. Bel shall 
never come to my altar because he has not controlled himself, and 
because he made the deluge, and my people he has given over to 
destruction. ' 

"Bel also, at his approach, saw the vessel from afar. Bel 
stood still; he was full of anger against the gods and the godlike 
ones. 

^'What soul has then escaped? 

" Never shall man survive the destruction. 

" Adar opened his mouth and he spake. He said to the warrior 
Bel: — 

*' ' Who, also, if it be not Ea, can have planned this? And Ea 
knew and has informed him.' Ea opened his mouth and spake. 
He said to the warrior Bel : ' Thou herald of the gods, warrior, 
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why haat thou not controlled thyself; why hast thou made the 
deluge ? Visit upon the sinner his sin, upon the blasphemer his 
blasphemy. Be persuaded not to destroy him. Be merciful that 
he be not destroyed. Instead that thou shouldst make a deluge, 
let the lions come, and let them cut off men. Instead that thou 
shouldst make a deluge, let the hyenas come, and let them devour 
men. Instead that thou shouldst make a deluge, let the famine 
come and destroy the land. Instead that thou shouldst make the 
deluge, let the god of pestilence come and destroy the land. I 
have not disclosed the decision of the great gods. Hasisadra 
has interpreted a dream, and has understood the decision of the 
gods.' Then Bel came to a better mind. He mounted to the in- 
terior of the vessel, he took my hand and made me to rise ; my- 
self made he to rise. He made my wife to stand up, and put 
her hand in mine ; he turned around to us and blessed us. 

" * Hitherto Hasisadra was mortal, and behold, now, Hasisadra 
and his wife are lifted up to the gods. He shall dwell far away 
at the mouths of the rivers. ' 

" They took me, and in a secluded place at the mouths of the 
rivers they made me abide." 

Surippak, the home of the wise man, on the banks of the 
Euphrates, of high antiquity before the deluge, is the same as 
Sippara, where Xisuthros ( = Hasisadra), according to Berosus, 
buried the holy writings before the flood. Its ruins have been 
found in the Hill of Abu-Habba, about half-way between Babylon 
(now Hilleh) and Bagdad.^ 

It was "at the mouths of the rivers; " that is, in time of the 
poem the Euphrates and the Tigris emptied separately into the 
Persian Gulf. Now the Schat el Arab, formed by the union of the 
two streams, empties into the gulf, perhaps 400 kilometers below 
the site of the ancient city, across a delta so low and flat that the 
tide runs up 300 kilometers, and at Old Nineveh the elevation is 
only 300 m. Delitsch^ has collected the evidence that the two 
streams once flowed separately into the gulf. Pliny says that 
almost nowhere does the formation of land by a stream advance 
so rapidly as here. He mentions a town, Alexandria-Antiochia, 
which, in the third century b. c. was about 1600 m. from the sea, 

1 Carl Schmidt, loc. cit., p. 20. 

2 Wo lag das Paradies ? 
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and had its own harbor, and 300 years later was 33 km. inland. 
Other historical documents make it probable that the streams were 
separate 150 years b. c. Rawlinson says the delta advanced 3*2 
km. in 60 years. All the attendant circumstances accord with 
this location of the story. Here, among a maritime people, as 
connoisseurs, they ridicule the building of a ship on the land- 
Ea is the goddess of the sea. And it is marvellous that this 
trait of the original is preserved in the Koran, where the story is 
told at length. "And he made the ark, and as often as the elders 
of his people came by him they ridiculed him, and he said, ' If 
you rail at us, be sure that we shall also rail at you as you rail 
atu8.'"i 

From the time of Moses and the tower of Babel, pitch or bitu- 
men had been much used in the Euphrates valley, where the terti- 
ary marls produced it abundantly. In Genesis xi. 3, it says 
of the tower of Babel, "slime had they for mortar," and a 
primitive folk still pitches its boats inside and out on the waters 
of the Euphrates. 

Thus the starting-point of the ark is well ascertained, and its 
landing-place can also be quite clearly located. It was in the 
land of Nizir, says the record. The Mesopotamian lowland is a 
narrow, northward extension of the Persian Gulf between the 
Arabian plateau on the west, and the Zagros Mountains, the 
scarp of the Persian highlands, on the east. An inscription of 
Asurnacir-pal, from the same library, reads: '* Left Kslzu (by 
Arbela), and entered the region of the town of Babite, and ap- 
proached the land Nizir." This is the account of a military expe- 
dition, and it followed up the great war road, by which, 500 years 
later, Darius Codomanus fled from the armies of Alexander. The 
region of Nizir was east of the Tigris, at the foot of the Zagros 
chain, 300 feet above the sea, and the craft of Hasisadra must 
have been swept 160 miles northeast, and stranded in the foothills 
on the valley border. 

Early accounts placed this landing on Mount Judi, in southern 
Armenia, where a temple in its honor was built in 776 a. d. 
Berosus places it in the Cordyaian Mountains of Armenia, 
Genesis in Mt. Ararat (Araxea). It is remarkable how the tradi- 
tion had clung to this grand volcano. The people still tell of the 
wood and pitch being carried from the ark as amulets, and dare 

1 Koran, XI. 40, 41. 
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not attempt to ascend the sacred mountain, and disbelieve the 
accoanto of those few foreigners who have reached the summit. 
Indeed, a Constantinople newspaper account of a scientific com- 
mission sent out by the Turkish government in 1887, to study 
the avalanches in the mountain, tells of the finding of the ark, 
encased in the ice of a glacier on the mountain. 

We may contrast the Chaldaean and Biblical accounts in several 
matters. The sending out of the birds and the bow in the 
heavens join with many other points to prove the identity of the 
stories. 

In many ways the Biblical account is modified to suit the com- 
prehension of an inland folk. While the Gilgamos epic describes 
a violent hurricane and inundation, which expended its force in 
six days, the Biblical account describes a long-continued rain 
of forty days, or, in the Elohistic document, of one hundred and 
fifty days. "And the waters were dried up from off the earth, 
and the face of the ground was dry." In the epic the forests were 
destroyed, and the face of the earth reduced to slime. 

Waters rising from great rains would have swept the ship 
down the valley, while the epic makes it go from the gulf north- 
east to the region of Nizir. And, indeed, what seems the better 
translation of the Noachian account agrees with this. Gen. vi. 
17, " I do bring a flood of waters" is better translated "I do 
bring a flood from the sea," and Gen. vii. 6, "Noah was six 
hundred years old as the flood of waters " (or better, "from the 
sea") "arose." ^ As Amos says, writing "two years after the 
earthquake,"* "Seek him that maketh the day dark with night, 
that calleth forth waters of the sea, and poureth them out upon 
the face of the earth.' 

We may now try to strip the account of its abundant personifi- 
cation, and see how far it is susceptible of a possible or probable 
translation into scientific language. 

There are, first, the warnings. Hasisatra, the wise man, and, 
we may assume, wise in the ways of the sea, stands on the shore of 
the ancient harbor- town, Surippak, and receives the warnings of 
Ea« goddess of the sea. These were the unusual swellings of 
the sea from small premonitory earthquake shocks beneath the 
waters. There is next added a voice, or noise, — a more unusual 

1 J. D. Michaelis (Bansen) ; majim = water, mijam = from the Bea. 
> Amos, i. 1. 9 Amos, ▼. 8. 
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warning, — not personified. This may have been the rumbling 
which may precede any severe earthquake. It is a region where 
earthquakes are antecedently probable. From the circle of fire 
that surrounds the Pacific, a zone of seismic activity connects 
the East and West Indies by way of the Mediterranean, and 
passes this region. The volcanic area of northern Mesopotamia 
and Syria is in seismic activity much of the time. Many towns 
have been several times destroyed, and hundreds of thousands of 
people have been killed. And the recently-sunken areas of 
^^ Lemuria " to the south indicate a region of profound faulting 
apt for the production of earthquakes. 

In the ^gean, the sinking of the great land blocks, by w^hich 
the sea was formed, is so recent that it is embalmed in the Greek 
mythology, — Poseidon, god of the sea, ever warring victorious 
against the gods of the land. And, though rarely noted on the 
lower Euphrates, earthquakes and seaquakes, as the Germans 
say, are not rare across the northern parts of the Indian Ocean, 
the wise man accepts this warning of impending danger, and 
builds a great craft for the safety of his home, and with the 
increase of the threatenings embarks his family, regardless of 
the ridicule of the townsfolk. 

*' Then arose from the foundations of the heavens a black 
cloud, in whose middle Ramman (the god of storms) lets his 
thunders roar, while Neba and Sarru rush at each other in battle. 
The throne-bearers stalk over mountain and plain." These 
latter are the great slow-moving sand columns (whirlwinds) which 
precede and hang on the borders of the coming storm. They 
still occur around Bagdad, change day into night, and extend 
over the whole valley of the Euphrates. '*The mighty god of 
pestilence lets loose his hurricanes." So far it is the description 
of the oncoming of a mighty storm. Then follow elements 
which may be interpreted as earthquake phenomena. The Biblical 
account says the foundations of the great deep were broken up, 
and at the end they were stopped. This may be explained as 
the uprush of the ground waters, so marked at Charleston and 
New Madrid, on the Indus plain, at Lake Baikal, where a lake 
ten by fifteen miles was formed, and in the delta of the river 
Selenga, when the fastenings of the wells were blown into the 
air like the corks of bottles. '' The Annuniki raise their torches, 
they make the land glow with their radiant gleams." The 
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Annuniki are the gods of the underground, the gnomes or 
koholds of German saga, and their raising their torches is the 
inflaming of the natural gases so common in these bituminous 
tertiary beds, in the fissures opened by the earthquake, — a fre- 
quent occurrence also in similar regions on the Caspian. 

In the earlier translation by Haupt, the suggestions of earth- 
quake intervention were even more striking than in the later 
ti-auslations. " Adar lets the canals overflow unceasingly. The 
Annuniki bring floods from the depths. They make the earth 
tremble by their might." Although hurricane inundations have 
overwhelmed great areas of land, the earthquake wave is in many 
ways a mere probable agency here for the production of a flood, 
exceptional as this must have been to have impressed itself so 
deeply on this ancient folk. We recall the Lisbon earthquake 
wave; how the United States warship Monongahela was car- 
ried ashore in 1863, at Santa Cruz, and landed on the tops of the 
houses; or how the great seismic wave of 1868 carried the 
Wateree in the harbor of Arica, Peru, seven or eight miles 
inland, landing her in a tropical forest, where she ended her days 
as an hotel, while her consort, the Fredonia, rolled over and 
over, and sank with all on board ; or the last terrible earthquake 
waves in Japan and China. 

The account then advances strongly to its climax and catas- 
trophe. " Ramman's flood-wave mounts up to heaven." All light 
sinks in darkness. Terror overcomes gods and men. "Like dogs 
in their lair the gods crouch at the windows of heaven." This is 
the description of the incoming of the great cyclonic waves, per- 
haps reinforced by earthquake waves, for when the seismic tension 
has just come to equal the resistance, the great additional strain 
caused by the relief of pressure of the low barometer of the cyclone 
has not infrequently set loose the impending earthquake. Of 64 
hurricanes in the Antilles 7 were accompanied by earthquakes. In 
the Bay of Bengal, the cyclones average one a year and destroy a 
million people in a century ; and once at Calcutta, in 1737, when the 
waters rose 40 feet, 14 ships were carried over the trees and 
800,000 people were killed ; and on the Kistna in 1800 the cyclone 
and the earthquake occurred together. Indeed, several of these 
cyclones have been traced across into the Persian Gulf, and one in 
1769 was accompanied bj* an earthquake on the lower Euphrates — 
the very site of the ancient myth. On the broad plains of the Punjaub 
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are many indications of similar inundations. I travelled, said Ibn 
Batuta (1833), through Siud to the town Sahari, on the coast of 
the Indian Sea, where the Indus joins it. A few miles from here 
are the ruins of another town, in which stones in the form of men 
and animals in almost innumerable amount occur. The people 
were so sinful that God changed them to stone and their animals 
and their grain. It is interesting to observe the different effect these 
disturbing events have upon people of different grades of culture. 

The Negritos of the Andaman Islands have a demon of the land 
who causes the earthquakes, a demon of the sea who causes the 
floods. 

The King of Dahomey in 1862 had received the missionaries in 
the land. The spirit of his fathers shakes the earth because old 
observances were not followed. The King executes three captive 
chiefs as an envoy to inform his fathers that the ancient rites 
shall be re-established. 

After the great earthquake of Kioto and Osaka in Japan, in 
1596, the warrior Hidiyoshi goes to the temple of Daibutzu (the 
Buddha), where the enormous bronze statue had been overthrown, 
and upbraids the fallen idol, and shoots it with arrows. 

In 62 A. D. Oppolonius of Tyana, at Phaestus, in Crete, was 
preaching to a company of worshippers of the local deity, when 
an earthquake arose. ^^ Peace," he said, '^ the sea has brought 
forth a new land.** An island was found between Thera and 
Crete, — Santorin, beloved of all geologists in modern times. 
The crowd loses all judgment in wonder and admiration. 

A true flood panic occurred in the time of Charlemagne. Stoff- 
ler, a celebrated astronomer, and professor of mathematics at 
Tubingen, found, as the result of abstruse calculation, that the 
earth would be destroyed by a flood in 1524. The news spread 
rapidly, and filled Europe with alarm. In Toulouse an ark was 
built by advice of the professor of canonical law, to rescue at 
least a part of the people. Indeed, in our own days. Prof. 
Rudolph Falb and similar prophets announce a new flood in the 
year a. d. 7132.^ And Falb has by his unverified earthquake 
predictions caused panics in Athens and Valparaiso. 

It is the western migration of this ancient story that is note- 
worthy, and its association with the punishment of sin by the 
religious genius of the Hebrews which has made it world-wide. 

1 Schmidt, loc. cit, p. 61. 



ADDRESS BT B. K. EMERSON. 133 

Sach myths of observation, dependent on local floods or the 
suggestion of fossils, are most widely spread, and they find place 
in cosmogonic myths, — explanations of the origin of land 
and sea ; national myths, — explanations of the origin of peoples ; 
and myths of destruction of land or people, with or without the 
idea of punishment for sin. 

They are wanting among the Africans and in Australia and 
Oceanica according to Lenormant; more accurately among the 
Papuans of Oceanica, for the Feejee Islanders kept great canoes on 
the hill-tops for refuge when the flood should return. 

In China, the great Cyclopedia (2357 b. c.) 8a3'8 : " The waters 
of the flood are destructive in their inundation. In their wide ex- 
tent they surround the mountains ; overtop the hills ; threaten the 
heaven with their waters ; so that the common folk is dissatisfied 
and complains. Where is the able man who will undertake to con- 
trol the evil. Ewan tries nine 3'ears, Yu, eight yeara. He com- 
pletes great works, cuts away woods, controls the streams, dykes 
them and opens out their mouths. He feeds the people." 

This refers to the *' Curse of China" the Yang-ze-Eiang which 
flows sometimes into the Gulf of Pechili north of the promontory 
of Shantung, sometimes to the south into the Yellow Sea. 

Our own Indians gave Catlin 160 flood myths. The dog of the 
Cherokees is well known. On Cundiuamarca in Mexico there were 
four destructions : — of famine, personified by giants ; of fire, by 
birds ; of wind, by monkeys ; of water, by fishes. 

The Quiches of Guatemala say: As the gods had created 
animals who did not speak or worship the gods, and had made men 
from clay who could not turn their heads, — who could speak 
indeed but not understand anything, — they destro3'ed their imper- 
fect work by a flood. 

A second race of mankind was created, the male of wood, the 
woman of resin, but it was not thankful to the gods. The gods 
rained burning pitch on the earth, and sent an earthquake, 
destroying all but a few, who became monkeys. A third attempt 
succeeded so well that the gods themselves were terrified at the 
perfection of their work, and took from them some of their good 
qualities, and the normal man resulted.^ 

The Arawaks of British Guiana and Venezuela were for their 
sins twice destroyed, — once by flood, and once by fire, and only 
the good and wise were saved. 

1 Schmidt, " SUndflut^" 67. 
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The flood is a perennial blessing in Egypt, and when the 
Greeks told the priests of the deluge of Deucalion^ they said, 
"Egypt has been spared this." 

There is an inscription on the walls of the tomb of Seti-on, in 
Thebes, 1350 b.c. The Sun-god, Ba, is wroth with mankind, and 
the council of the gods decrees its doom. Hathor, queen of the 
gods, does the work, till all the land is flooded with blood. She 
sees the fields flooded with blood, she drinks thereof, her soul 
is glad, she does not know mankind. Only those who, at the 
right time, fix their thoughts above are spared, and of these the 
Majesty of Ra says: " These are the good." 

In Persia there are no flood myths preserved before the time of 
Zoroaster. 

In India, where the flood is a constant scourge, the four Yugas 
(ages), and the four Manvartaras, the alternate destiiictions and 
renewals of the human race, are Vedic myths, and no trace of 
the flood story appears in the Vedas. The Satapatha-Bramahna, 
written just before the time of Christ, is especially interesting, 
from the blending of the Chaldsean account with the Indian 
mythology. In this oldest account the flood came from the sea, 
the warning and the rescue of Manu, the Indian Noah, from 
Vishnu, in form of a fish. Here all the suggestion may be 
indigenous. There is no punishment. 

In the Mahabharata, the ship lands on the highest peak of the 
Himalaya. In the last part of the story, in the Bhagarata 
Purana, the motive of the flood is that the wickedness of man 
was great in the earth. Vishnu, in form of a fish, warns Manu 
Satjavrata, the well-doer (Ea was a fish-god in the Chaldsean 
story, and Oannu, in Berosus, was a fish-god), that in seven 
days the three worlds will sink in an ocean of death, but in the 
midst of the waves a ship will be provided for Manu. He is to 
bring all useful plants and a pair of all irrational animals into the 
ship. The sea rose over its banks, and overwhelmed the earth. 
Violent wind and cloudburst from measureless clouds contrib- 
uted to the flood. Vishnu, in form of a gold-gleaming fish, guided 
the ship. Before the flood the holy Vedas were stolen, after- 
wards they were restored by Vishnu. 

In Greece, also, as the sinking of the land has persisted to 
greater extent into the most modern times, so the flood-myths 
have there greater variety and definiteness than elsewhere, and 
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later the Chaldaean account was grafted on to the earlier with 
greater fulness. The story is not known to Hesiod in the " Works 
and Days" (8th century b. c), though he enumerates several 
destructions of the sinful race of man, and the " Iliad " mentions 
destructive cloud-bursts as the usual punishment of heaven on the 
unjust judge. 

Thus, in the Boeotian myth of Ogyges, it is significant that 
Ogyges was son of Poseidon, god of the sea, and I have heard the 
name itself derived from an Aryan root, meaning a flood. 
Ogyges is rescued in a boat. 

The story of Deucalion's flood is first given in the Hesiodic 
catalogues, 800 to 600 b. c. Pyrrha and Deucalion were alone 
rescued in a ship. As told in an archaic form by Pindar ^ (500 
B. c), " Pyrrha and Deucalion, coming down together from 
Parnassus, founded their mansion first, and, without marriage 
union, produced the strong race of the same stock, and hence they 
were called Laioi, from a word meaning stones, as they threw 
stones over their heads to form the first men. 

ApollodoruB (100 b. c.) shows the first influence of the Semitic 
myth. He extends the flood over almost all Greece, and says 
Deucalion offered sacrifice on leaving the ship. Later, the ark, 
the taking-in of animals and sending-out of birds, appear in the 
Greek myth, and Lucian, or pseudo-Lucian, in " De Dea Syria " 
(160 A. D.), in a chapter on Hydrophoria, narrates an Armenian 
flood-myth, which had its home in the upper Euphrates, at Hier- 
opolis, the modern Mambedj, and blends the Hellenic and 
Semitic story. '* The most say that Deucalion Sysythes built the 
sanctuary, that Deucalion, under whom the great deluge occurred. 
Of Deucalion I heard also in Hellas the story which the Hel- 
lenes tell of him, which runs as follows : The first men had grown 
very wicked upon the earth, and, in punishment, suffered a great 
evil. The earth sent up from its bosom mighty masses of water. 
Heavy rains followed, the rivers swelled, and the sea overflowed 
the land, until all was covered with water, and all were destroyed; 
only Deucalion, of all mankind, remained alive. He had built a 
box or ark, and his family, as also pairs of all kinds of animals, 
entered into it. All sailed in the ark as long as the waters con- 
tinued. So the Hellenes write of Deucalion. To this the inhabi- 
tants of the holy town add a very strange story; that in their 
1 Olympics, IX. 4 (600 b. c). 
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land a great fissure opened in the earth, and this received all the 
water. Deucalion built altars after this happened, and by the 
opening built a temple to Here. I saw the opening. It is under 
the temple, and is very small. As a sign and remembrance of 
this story, they do as follows: Twice a year water is brought to 
the temple from the sea. Not alone do the priests bring this, — out 
of all Syria, and Arabia, India, and from beyond the Euphrates 
many go down to the sea, and all bring water. They pour it out 
in the temple, and it flows into the fissure, and the small opening 
receives a great quantity of water. And this ceremony, they 
say, Deucalion appointed in the temple in remembrance of the 
catastrophe and his rescue. A statue of Here is in the temple, 
and another god, which, although it is Zeus, they call by another 
name. Between the two stands a golden column. The Assyrians 
call it the sign, — give it no special name, and cannot explain its 
origin or its form. Some refer it to Dionysus, others to Deuca- 
lion, others to Semiramis. There is on its top a golden dove. 
Therefore it is said to represent Semiramis. Twice a year it is 
taken to the sea to bring water, as described above." There were 
similar Hydrophoria at Athens. 



PAPERS READ. 



Tuesday, Auqubt 26. 

Notes on the artesian well bunk at Kbt West, Florida, in 1896. By 
Edmund Otis Hovbt, Amer. Mus. Nat. Hist, New York, N. Y. 

The htdbaulio gradient of the main artesian basin of the North- 
west. By Prof. J. E. Todd, Vermilion, So. Dakota. 

The true tuff-beds of the Trias, and the mud enclosures, the 

UNDBRROLLINO, AND THE BASIC PITCHSTONE OF THE TriASSIC TRAPS. 

By Prof. B. K. Emerson, Amhent, Mass. 

Volcanic ash from the north shore of Lake Superior. By Prof. N. 
U. Wincuell, Uniyersity of Minnesota, Minneapolis, and Dr. U. S. 
Grant, Geol. Survey of Minnesota, Minneapolis. 

The Ttringham (Mass.) "Mortise Rock," and psbudomorphs of quartz 
AFTER albite. By Prof. B. K. Emerson, Amherst, MasA. 

The succession of the fossil faunas in the Hamilton group at 
Eighteen Mile Creek, N. Y. By Amadeus W. Grabau, Mass. Inst, of 
Technology, Boston. 

Development of the physiography of California. (Lantern pictures.) 
By Dr. James Pkrrin Smith, Leland Stanford Junior University, Palo 
Alto, Cal. 

Synopsis of California stratigraphy. By Dr. James Perrin Smith, 
Leland Stanford Junior University, Palo Alto, Cal. 

Ancient and modern sharks, and the evolution of the class. By 
Prof. E. W. Claypolb, Akron, Ohio. 

Interglacial change of course, with gorge erosion, of the St. Croix 
BiVER, IN Minnesota and Wisconsin. By Warren Upham, Mioo. 
Hist. Society, St. Paul, Minnesota. 

Wednesday, August 26. 

Observations on the dorsal shields in the Dinichthyids. By Dr. 
Charles R. Eastman, Mus. Comp. Zoology, Cambridge, Mass. 

The discovery of a new fish fauna, from the Devonian rocks of 
Western New York. By F. K. Mixer, Buffklo, N. Y. 
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Obiqin op the high terrace deposits of the Mononoahela Riter. By 
Prof. I. C. White, University of W. Virginia, Morgantown. 

At the afternoon session the Section gave its attention to special 
exercises in commemoration of the sixtieth anniversarj* of Professor 
Hall's connection with the Geological Survey of the State of New 
York. Addresses were made by Vice-President Emerson in behalf 
of the Section, and by President Joseph Le Comte of the Geologi- 
cal Society of America in behalf of that society. Professor Hall 
responded to these addresses. Several papers relating to the work 
of Professor Hall and the New York Survey were read. A letter 
of congratulation from George M. Dawson, Director of the Geologi- 
cal Survey of Canada, was read, and a brief address was made by 
J. F. Whiteaves of the Canadian Survey. An address was made by 
T. Guilford Smith of the Board of Regents of the University of 
the State of New York ; and further remarks were made by J. J. 
Stevenson, W. H. Hale, W. H. Niles, H. C. Hovet, and H. L. 
Fairchild. a communication from Sir J. W. Dawson concerning 
Dr. Hall was received too late to be read at the meeting. (For a 
full report of this meeting, see Science j Nov. 13, 1896.) 

The operations op the Geological Suktet of the State of New York. 
By Prof. Jameb Hall, State Geologist, Albany, N. Y. 

James Hall, founder of American stratioraphic geologt. Bj Dr. W. 
J. McGee, Bureau of EthnoLogj, Washington, D. C. 

Professor Hall, and the Survey of the Fourth District. By John M. 
Clarke, Asst. Stats Geologist and Paleontologist, Albany, N. Y. 

The Cuyahoga preglacial gorge in Cleveland, Ohio. Bj Warren 
Upham, Minn. Hist. Society, Minneapolis. 

A REVISION OF the MORAINES OF MINNESOTA. By pTof. J. E. ToDD, Ver- 
milion, S. Dakota. 

Thursday, August 27. 

Notes on certain fossil plants from the Carboniferous of Iowa. By 
Prof. Thomas H. Macbride, Iowa City, Iowa. 

The making of Mammoth Cave. By Rev. Horace C. Hovey, Newbury- 
port, Mass. 

The Colossal Cavern. By Rev. Horace C. Hovey, Newburyport, Mass. 

Sheetflood erosion. By Dr. W. J. McGee, Bureau of Ethnology, Wasliing- 
ton, D. C. 
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Fbxday, August 28. 

Obioin op covolomerates. By Prof. T. C. Hopkins, Geological Survey, 
Indianapolis, Ind., State College, Centre Co., Pa. 

Origin op topographic pbatures in North Carolina. By Collier 
Cobb, Univ. of North Carolina, Chapel HilJ, N. C. 

The Cretaceous clat marl bxposube at Clifpwood, N. J. By Prof. 
Arthur Holuok, Columbia College, New York, N. Y. 

Post-Cretaceous grade-plains in Southern New England. By F. P. 
GuLLiYER, Norwich, Conn. 

The Eocene stages op Georgia. By Gilbert D. Harris, Ithaca, N. Y. 

The origin and age op the gypsum deposits of Kansas. By Prof. G. P. 
Grimslbt, Washburn College, Topeka, Kan. 

Geomorphic notes on Norway. By Dr. J. W. Spencer, Washington, D. C. 

The slopes op the drowned Antillean yall&ys. By Dr. J. W. Spencer, 
Washington, D. C. 

The " Augen-Gnbiss," Pegmatite veins, and Diorite dikes at Bedford, 
Westchester Co., N. Y. By Lea McI. Luquer and Dr. Heinrich 
Ribs, Columbia College, New York, N. Y. 

Prb-Cambrian basb-leyblling in the Northwestern States. By Prof. C. 
W. Hall, Minneapolis, Minn. 

A Subsection of Pleistocene Geology was organized at the after- 
noon session, by the appointment of G. F. Wright as Chairman 
and H. S. Williams as Secretary. The following papers were read 
in this Subsection. 

Glacial flood deposits in thb Chenango Vallet. By Prof. Albert P. 
Brigham, Hamilton, N. Y. 

The Niagara Falls gorgb. By George W. Hollet, Ithaca, N. Y. 

Thb Algonquin River. By G. K. Gilbert, U. S. Geological Survey, Wash- 
ington, D. C. 

Thb Whirlpool Saint Davids channel. By G. K. Gilbbrt, U. S. Geo- 
logical Survey, Washington, D. C. 

Profile of the bed of the Niagara in its gorge. By G. K. Gilbbrt, 
U. S. Geological Survey, Washington, D. C. 

Origin and age of thb Laurbntian Lakes and of Niagaba Falls. By 
Wabben Upham, Minn. Hist. Society, Minneapolis. 

A. A. A. 8. VOL. XLV. 9 
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CORBBLATION OF WaBBEN BBACHB0 WITH MORAINES AND OUTLETS IV 

S0UTHBA8TEBN Michigan. Bj F. B. Tatlob, Fort Wayne, Ind. 

Notes on the glacial succession iir Eastebit Michigan. Bj F. B. 
Tatlob. Fort Wayne, Ind. 

N0TX8 ON Kansan Dbitt in Psnnstlyania. By Prof. E. H. Williams, 
Bethlehem, Pa. 

Prbliminabt notes on the Columbian deposits of the Susquehanna. 
By Dr. U. B. Bashobh» West FairTiew, Pa. 

The Section adjoumBd Friday afternoon^ August 28. 



RESOLUTIONS OF SECTION E. 

The following resolution, offered by J. J. Steyekbok, was adopted : 
Resolved that the Council be and hereby is requested to appoint 
Prof. E. D. Cope, Prof. James Hall, Prof. B. K. Emerson, Prof. 
W. N. Rice, and Prof. C. D. Walcott, as delegates to the Inter- 
national Geological Congress to be held in St Petersburg in 1897 ; 
and to authorize them to fill by a majority vote any vacancy which 
may occur. 

[The above named gentlemen were appointed by the Council as 
delegates to the Congress, with power to fill vacancies in the num- 
ber. — Fermanent Secretary.'] 



The following resolution, offered by H. L. Fairchild, was adopted : 
Resolved that Section E requests the Council of the American 
Association for the Advancement of Science to permit and author- 
ize the ofl9cers of Section E to make such arrangements with the 
Geological Society of America for the meeting of 1897, that the 
Geological Society may occupy a portion of the time usually assigned 
to the Section. 

[The above request was gi*anted by the Council. — Fermanent 
Secretary.^ 

(131) 
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SOME QUESTIONS OF NOMENCLATURE. 



INTRODUCTION. 



I HAD originally selected for the address which it is my duty 
and privilege to give to-day a very different subject ^ from that 
which I am now to discuss ; but the I'enewed and lively interest 
which is being manifested at present in the ever troublous subject 
of nomenclature has led me to take it as my theme. I have been 
especially influenced, too, by the consideration that a committee 
was appointed at the last Zoological Congress, held at Leyden, 
to consider the subject, and suggestions have been asked for. Of 
the multitudinous questions that offer for review time will only 
permit us to examine a few. 

Nomenclature, in the modern sense of the word, did not trouble 
naturalists till near the middle of the last century. The animals 
and plants of the ancient world were mostly treated of under 
the names which the Greeks or Romans had used, or were sap- 
posed to have used. The forms that became first known after the 
discovery of America were introduced into the literature under 
names more or less like those which they bore among the abo- 
riginal, inhabitants of the countries from which those forms had 
been obtained. Only a few names were coined from the Latin or 
Greek, and used for forms not mentioned by classical authors. 
Examples of such are Ammodytes^ and Anarrhichasj invented by 
Gesner. But none of those names were employed as true generic 

1 Animals as Chronometers for Geology. 

(185) 
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generally overlooked, and a few of his ^^ canons" may be noticed 
here. The extent to which each one of the two — Linnseus and 
Artedi — influenced the other cannot now be learned, nor will it 
be necessary to consider here who of the two was the abler natu- 
ralist. It must suffice that there was almost perfect i^reement 
between Aitedi and LinnsBus in the spirit of the laws they respect- 
ively framed. 

COMMENCEMENT OF BINOMIAL NOMENCLATURE. 

The question that has been most agitated of late is, what time 
shall we recognize as the starting-point for the binomial nomen- 
clature. Even now not all will be bound by any such limit for 
generic nomenclature; but those who will are divided into two 
main camps, — those who start from the tenth edition of the 
Linnsean ^^ Systema Naturae," published in 1758, in which the 
binomial nomenclature was firat universally applied, and those 
who advocate the twelfth edition of the ^' Systema," published in 
1766, — the last which appeared during the life of Linnaeus. 

But it may be premised here that even the fact that Linnaeus 
was the first to devise the system of binomial nomenclature is not 
conceded by all. It has been claimed that about two centuries 
before Linnaeus published his " Philosophia Botanica " Belon 
had uniformly and consistently applied the binomial nomencla- 
ture to plants as well as animals, fishes, and birds. ^ It has been 
also urged that C. N. Lang (Langius),^ in 1722, used the binomial 
nomenclature for shells. I have not been able to confirm either 
statement, and therefore have to side with the great majority who 
accord to Linnaeus the credit of that achievement. 

Almost all the naturalists of the United States accept 1758 as 
the starting-time for nomenclature, and now most of the natural- 
ists of Europe take the same view. But the English generally 
accept 1766 for the commencement of their orismology. It was 
^^ after much deliberation " that the Committee of the British 
Association for the Advancement of Science determined on the 

1 Cri^ (Louis), Pierre Belon et la nomenclature binaire. Rev. Sc., xxx. 737-740, 
9 Dec, 1882. 

2 My effortB to see a copy of Lang's "Methodns nova Testaoea marina in suaa 
Classes, Genera, et Species distribuendi *' (Lucem., 1722) have not been successful. 
Maton and Rackett say that ** he is the first whose generic characters are founded on 
commodious distinctions," but expressly state that ** there are no trivial names." 
(8ee Trans. Linn. Soc., vii. 166, 157.) He may have properly appreciated genera. 
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edition of 1766. It was only because that edition was '*" the last 
and most complete edition of Linn^'s works, and containing 
many species that the tenth did not," that' it was so selected, — 
surely an insufficient reason. A principle was subordinated to 
an individual. 

Logically, thc) actual period for the commencement of the 
binomial nomenclature should be when the rules for that nomen- 
clature were distinctly formulated; and that was 1751, when the 
" Philosophia Botanica " was first published. Practically, how- 
ever, it makes little difference for most classes,^ whether we take 
that date or 1758, when the next succeeding edition of the " Sys* 
tema " was published. But it does mak€ much difference whether 
we take the tenth or twelfth edition. There is really no good 
reason for keeping Linnaeus on that lofty pedestal on which he 
was enthroned by his disciples of a past century. His work does 
not justify such an elevation. In every department of zoology 
contemporaries excelled him in knowledge and in judgment. 
May we not hope that, ultimately, this truth will be recognized, 
and the tenth edition universally accepted for the first work of 
the new era? 

TRIVIAL NAMES. 

The binomial system has come into prominence through a sort 
of developmental process. Although now generally regarded as 
the chief benefaction conferred by Linnaeus ^ on biology, it was 
evidently considered by him to be of quite secondary importance. 

The first extensive use of it occurs in the " Pan Suecicus," pub- 
lished in 1749, where the author mentions that to facilitate the 
recording of his observations he had used an ^' epithet " in place 
of the differential character.' It was thus a mere economical de- 
vice for the time being. 

I Arachnology would be most affected, for Clerck's work was published in 1757. 

s Linnttus himself did not claim this as an improvement in his account of the ad- 
Tanoement be had effected in science. 

s "PossnmuB nunc ultra duo millia experimenta certissima exhibere, quae sepe decies, 
immo s«pe bis decies sunt iterata. Si autem sumamus Floram Suecicam HolmitB, 
1745, & ad quamlibet herbam, ut chartts parcatur, nomen adponimus genericum, nu- 
merum Floras Suecicss & epitheton quoddam loco differentis, negotium in compendium 
facile mittitur." Pan Suecicus, pp. 228, 229. 

This thesis is attributed to Nicolaus L. Hesselgren in some bibliographies, and natu- 
rally so, as it bears his name in the title; but Linnaeus probably did not claim more than 
bis own in claiming the authorship, although Hesselgren apparently wrote part of it 
himself. It is sometimes difficult exactly to fix the authorship in the case of some of 
the old theses. 
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In the " Fhilosophia Botanica ** he also treats it as a matter of 
trivial importance. He distinguishes between the specific name 
and the trivial. 

His specific name corresponds to what we would call a diagnosis 
(Nomen specificum est itaque Differentia essentialis) ; his trivial 
name is what would now be called the specific.^ It is merely sug- 
gested that trivial names may be used as in his '^Fan Suecicus," 
and should consist of a single word taken from any source.^ 

This system was fully carried out in the succeeding editions of 
the ^^Systema NatursB." Both names were then given, — the 
nomen specificum after the number of the species, under each 
genus, and the 7wmen triviale before the number in the margin. 

Linnaeus placed little store on the trivial names, and accredited 
such to old botanists; but he took special credit for specific 
names (or diagnoses), claiming that none worthy of the title 
had been given before him.^ 

DRACONIAN LAWS. 

For generic nomenclature a Draconian code was pmvided by 
Linnaeus and Artedi. It is now a maxim of good legislation that 
excessive severity of law is apt to defeat the object sought for, 
and the tendency of civilization is to temper justice with mercy. 
So has the tendency of scientific advancement been towards a 
mitigation of the Linnsean code. Nevertheless, its severity is 
more or less reflected in later codes, — even the latest, — and 
therefore a review of some of those old canons will not be entirely 

1 '*217. Nomeu specificam legiHmum plantam ab omnilnu congeneribas (159) dis- 
tinguat; Triviale aatem nomen legibus etiamnum caret." Phil. Bot., p. 202. 

3 ''Nomina Trivialia forte admitti poBsunt modo, quo in Pctnt tuecico vmub sum ; 
constarent hiec 

Vocabula unica ; 

Vocabtda libere undequaque detumta, 

Ratione hac praecipue evicti, quod differentia snpe longa evadit, nt non ubique com- 
mode usnrpetnr, et dein mutatione obnoxia, hoy'ib detectis speciebus, est, e. gr. 

Pyrola [5 sp.] 

Sed nomina Trivialia in hoc opere seponimuB, de differentiis unlce Bolliciti." Ph. Bot., 
pp. 202, 203. 

* ''Trivialia erant antecessorum et maxime Trivialia erant antiquiasimorum Botani- 
corum nomina. 

Character Naturalit speciei est Ducripiios Character Yero Euentialit speciei est 
Differentia. 

Primus incepi Nomina specifica Essentialis condere, ante me nulla differentia digna 
exstitit." Ph. Bot., p. 208. 
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a resurrection of the dead, and may contain a warning for the 
future. 

In exclusiveness for generic names Linnaeus and Artedi went 
far ahead of any of the modems. They provided that no names 
were available for genera in zoology or botany which were used 
in any other class of animals or plants, or even which were used 
for minerals, tools, weapons, or other instruments, or even 
places.^ 

Under this rule such names as Acus^ Belone^ Citharus^ Hippo- 
glossiis^ Lingula^ Novacula^ Orbis^ Orca^ Remora, Solea, and 
Umbra — all now, or some time, in common use — were specified. 

The rule was soon relaxed, and any name not previously used 
in zoology, or, at most, biology, was considered admissible. 

Another rule sends to Coventry all names composed of two names 
of different animals, because it might be uncertain to which genus 
an animal really belongs.^ The ancient name '^Rhino-Batus ** 
is even mentioned as one of the delicts. 

This rule is also without any justification, and the reason 
given for it baseless. Compound words of the kind exiled are 
in entire harmony with the genius of the classic languages. As 
an illustration of their use among the Greeks, we need refer to one 
group only, — that is, compounds with hippos, as Hippalectryon^ 
HippanthropoSy Hippardion^ Hippelaphos^ Hippocampos^ Hippo- 
tigris^ and Hippotragelaphos. (Hippokantharos^ Hippomurmex^ 
Hippopareos, and Hipposelinon are other classic Greek words, but 
do not belong to the same category as the others, inasmuch as 
they were used in a sense analogous to horse-chestnut, horse- 
mackerel, and horse-radish with us, the word " horse " in this con- 
nection conveying the idea of strength, coarseness, or bigness.) 

In another rule, all words are proscribed as generic names 
which are not of Latin or Greek origin;' and among the pro- 
scribed are such names as Albula, Blicca^ Cardssius^ and many 
others, which were later used by Linnaeus himself as specific 
names, and which are now used as generic denominations. 

^ ** Nomina piscium generica, qnae quadrapedibua pilosis, avibus, amphibiis^ insectis, 
plantis, mineralibufl, instrumentls opificum etc. commania sunt, omnino deleantur. 
Unn. Fund. 230." Art. Ph. Ich., § 193. 

> '* Nomina generica, ex uno nomine generico fractOi et altera integro composita, 
exnlent. Linn. Fund. 224." Art. Ph. Ich., § 196. 

* *' Nomina generica, quae non sunt originis Latins vel GriecsB, proscribantur. Linn. 
Fund. 229." Art. Ph. Ich., § 198. 
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Words with diminutive terminations were barely tolerated, if 
admitted at all,^ and the reason alleged for such treatment was 
that the cardinal name might belong to another class. Among 
the examples named were Anguilla^ Asellus^ Leuciscus^ Lingula^ 
Oniscusy and Ophidiotiy now familiar in connection with some 
of our best-known genera. One of these — Ophidian — was sub- 
sequently used by Linnaeus himself as a generic name. 

All are now tolerated without demur even, and probably by 
most naturalists never supposed to have been tainted with offence 
of any kind. For all such words we have also classical examples; 
and four have already been named, — the Oniscus and Ophidion 
of the Greeks, adopted by the Romans, and the Anguilla and 
Asellus of the Latins. 

Generic names, derived from Latin adjectives, were also de- 
clared to be unworthy of adoption. Aculeatus^ Centrine^ and 
Coracinus were cited as examples of words that should be re- 
jected under this rule. Later writers have repeated the denuncia- 
tions uttered by Linnaeus and Artedi, and refused to adopt such 
words. But hear what Plutarch says of names of men derived 
from adjectives. 

In his life of Coriolanus, Plutarch, in recounting the events 
subsequent to the capture of Corioli, and the refusal of Marcius 
to accept moi*e than his share of the booty, comes to the proposi- 
tion of Cominius.^ 

" Let us, then, give him what it is not in his power to decline, let lis pass a 
vote that he be called Coriolanus, if his gallant behaviour at Corioli has not 
already bestowed that name upon him/' Hence came his third name of Cori- 
olanus, by which it appears that Caius was the proper name ; that the second 
name, Marcius, was that of the family ; and that the third Roman appellative 
was a peculiar note of distinction, given afterwards on account of some par- 
ticular act of fortune, or signature, or virtue of him that bore it. Thus among 
the Greeks additional names were given to some on account Of their achieve- 
ments, as Soler, the preserver, and CcUlinwus, the victorious ; to others, for some- 
thing remarlEable in their persons, as Physcon, the gore-bellied, and Gripus, the 
eagle-nosed; or for their good qualities, as Euergetes, the benefactor, and Phila- 
delphus, the kind brother ; or their good fortune, as Eudcemon, the prosperous, a 
name given to the second prince of the family of the Batti. Several princes 
also have had satirical names bestowed upon them : Antigonus (for instance) 

1 *' Nomina generica dimimitiva vix toleranda sunt. Linn. Fund. 227." Art Ph. 
Ich., § 202. 

* " Nomina generica imprimis Latina pure adjectira, sed substantive usurpata, criti- 
corum more improbanda sunt. Linn. Fund. 236." Art. Ph. Ich., § 204. 
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was called Doson, the man that will give to-morrow ; and Ptolemy was styled 
Lamyras, the buffoon. But appellations of this last sort were used with greater 
latitude among the Romans. One of the Metelli was distinguished by the 
name of Diadematus, because he went a long time with a bandage, which 
covered an ulcer he had in his forehead; and another they called Celer, 
becaose with surprising celerity he entertained them with a funeral show of 
gladiators a few days after his father's death. In our times, too, some of the 
Romans receive their names from tiie circumstances of their birth ; as that of 
Proculus, if born when their fathers are in a distant country ; and that of Post- 
humus, if born after their father's death ; and when twins come into the world, 
and one of them dies at the birth, the survivor is called Vopiscus. Names are 
also appropriated on account of bodily imperfections ; for amongst them we 
find not only SifUa, the red, and Niger, the blacky but even Cobcus, the blind, and 
Claudius, the lame ; such persons, by this custom, being wisely taught not to 
consider blindness or any other bodily misfortune as a reproach or disgrace, 
but to answer to appellations of that kind as their proper names." 

What was good enough for the ancient Romans to bestow on 
the most admired of their heroes is good enough for the nomen- 
clature of our genera of animals. We have also examples of 
nactnefl of adjective form used substantively for animals among 
classic writers. Such, for example, are the Aculeatus (pipe-fish), 
and Oculata (lamprey or nine-eyes), mentioned by Pliny. 

Linnaeus himself, later, coined many names having an adjective 
form ; and three of his genera of plants of one small family, so 
designated, occur in this region, — Saponaria, Arenaria^ and 
Stellaria, Yet even at the present day we have evidences of 
the lingering of the old idea embodied in the canon in question. 

We have also had drawn up for us certain rules for the conver- 
sion of Greek words into Latin, which are tinctured with more 
than Roman severity. Thus, we are told that Greek names 
ending in -o« should always be turned into -us; that the final -on 
is inadmissible in the new Latin, and should invariably be ren- 
dered by 'um. 

In accordance with such rules, Rhinoceros has been turned into 
Shinocerus^ and RhinocerotidcB into Rliinoceridce, But Rhinoceros 
was admitted into classical Latinity, and with it the correspond- 
ing oblique cases, Rhinocerotisy etc. ; in fact, the word was cur- 
rent in the language of description, satire, and proverb, — as when 
used by Juvenal for a vessel made of the horn, or by Lucilius 
for a long-nosed man, or by Martial in the proverbial expres- 
sion, *' Nasum rhinocerotis habere"; i. e. to turn the nose up, 
as we should say. These authorities are good enough for me. 
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The termination -on was also familiar to the Romans of classic 
times, and numerous words with that ending may be found in the 
books of Pliny. But our modern purists will have none of them; 
the Greek -on in the new Latin must always become -um. For 
example, Ophidian was the name given to a small conger-like eel, 
according to Pliny, and was (without reason) supposed to have 
been applied to the genus now called Ophidium; and this last 
form was given by Linnaeus, who eventually ^ refused to follow 
Pliny in such barbaric use of Latin. But Pliny is good enough 
for me — at least as a Latinist. 

Another rule prohibits the use of such words as ^gir, Gondul, 
3Ioko, Mitu, Pudu^ and the like, and provides that they should 
have other terminations in accordance with classical usage. But 
why should those words be changed and surcharged with new 
endings? As they are, they are all uniform with classical words. 
^(jir has its justification in Fir, Gondul in consul^ Moho in homo 
(of which it is an accidental anagram), and Mitu and Pudu are 
no more cacophonous or irregular than cornu, I therefore see no 
reason why we should not accept the words criticised and cor- 
rected by some naturalists in their original form, even if we con- 
sider the question involved as grammatical rather than one of 
scientific convenience. 

I have thus defended some of the names of our old nomencla- 
tors, and really think that the rules laid down for name-making 
were too severe. But those rules were on the whole judicious, 
and should not be deviated from by future nomenclators without 
good and substantial reason; even if too severe, they "lean to 
virtue's side.'' On the other hand, let old names be respected in 
the interests of stability, even if slightly misformed. 

MISAPPLIED NAMES. 

While LinnsBUs was so exacting in his rules of nomenclature in 
the cases cited, in others he was extremely lax. It is due to him 
(directly or indirectly) that our lists of genera of vertebrate 
animals especially are encumbered with so many ancient names 
that we know were applied to very different animals by the 
Greeks and Romans. It is Linnseas that was directly responsi- 
ble for the misuse of such generic names of mammals as LemuTy 

1 At first (injhe tenth edition) Linneos allowed Ophidion. 
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Manis^ Dasypus ; such bird-names as Trochilits, Coracias^ Phae- 
ton^ JDiomedea^ Meleagris^ and (partly with Artedi) such fish- 
names as Chimcera^ Centriscus^ Pegasus^ CallionymuSy Trigla^ 
Amia, Teuthis, Esox^ Elops^ Mormyms^ and Exoccetus, These 
all were applied, by the ancients, to forms most of which are 
now well ascertained, and the animals to which they have been 
transferred have nothing in common with the original possessors 
of the names. 

The misuse of these ancient names is in contravention of the 
rule adopted by the International Zoological Congress held in 
Moscow (1892), that " every foreign word employed as a generic 
or specific name should retain the meaning it has in the language 
from which it is taken,'' and of like rules of other associations. 
The false application by Linnaeus and his followers (and he had 
many) was due partly to the belief that the ancient names were 
unidentifiable, but now there are few whose original pertinence is 
not known. It may be thought by some, however, that we are 
unduly criticising the doings of the past from the vantage- 
ground of the present. But such is not the case, for at the com- 
mencement of his career Linnaeus was taken to task for the fault 
indicated. Some of those criticisms were so apt that they may 
be advantageously repeated here. 

Dillenius, of Oxford, wrote to Linnaeus in August, 1737, in 
these terms : — 

" We all know the nomeDclature of Botany to be an Augean stable, which 
C. HofiFmann, and even Gesner, were not able to cleanse. The task requires 
much reading, and extensive as well as various erudition ; nor is it to be given 
up to hasty or careless hands. You rush upon it, and overturn everything. 
I do not object to Greek words, especially in compound names ; but I think 
the names of the antients ouglit not rashly and promiscuously to be trans- 
ferred to our new genera, or those of the new world. The day may possibly 
come when the plant* of Theophrastus and Dioscorides may be ascertained ; 
and, till this happens, we had better leave their names as we find them. 
That desirable end might even now be attained ir any one would visit the 
countries of these old botanists, and make a sufficient stay there; for the 
inhabitants of those regions are very retentive of names and customs, and 
know plants at tliis moment by their antient appellations, very little altered, 
as any person who reads Bellonius may perceive. I remember your being 
told, by the late Mr. G. Gherard, that the modem Greeks give the name 
of Amanita {i^fjiatfira) to the eatable Field Mushroom ; and yet, in Critica 
Boianica, p. 50, you suppose that word to be French. Who will ever believe 
the Thya of Theophrastus to be our Arbor Vttoef Why do you give the 
name of Cactus to the Tuna? Do you believe the Tuna, or Mdocadus 

A. A. A. 8. VOL. XLV. 10 
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(pardon the word), and the Arbor Vita, were known to Theophrastna ? An 
attentive reader of the description Theophrastus gives of his Sida, will prob- 
ably agree with me that it belongs to oar Nymphaa, and indeed to the white- 
flowered kind. You, without any reason, give that name to the Maluinda ; and 
so in various other instances concerning antient names ; in which I do not, 
like Burmann, blame you for introducing new names, but for the bad applica- 
tion of old ones. If there were, in these cases, any resemblance between your 
plants and those of the antients, you might be excused, but there is not. 
Why do you, p. 68, derive the word Medica from the virtues of the plant, when 
Pliny, book xviii. chap. 16, declares it to have been brought from Media? 
Why do you call the Molucca, Molucella 9 It does not, nor ought it, to owe that 
name, as is commonly thought, to the Molucca islands ; for, as Lobel informs 
us, the name and the plant are of Asiatic origin. Why then do you adopt a 
barbarous name, and make it more barbarous ? Biacutella is not, as you de- 
clare, p. 118, a new name, having already been used by Lobel. I am surprised 
that you do not give the etymology of the new names which you or others 
have introduced. I wish you would help me to the derivation of some that I 
cannot trace ; as Ipomcea for instance. Why are you so much offended with 
some words, which you denominate barbarous, though many of them are more 
harmonious than others of Greek or Latin origin ? " 

A year later (August 28, 1738) he again wrote: — 

** It would surely have been worth your while to visit Greece, or Asia, that 
you might become acquainted with, and point out to us, the plants of the 
antients, whose appellations you have so materially, and worse than any other 
person, misapplied. You ought to be very cautious in changing names and ap- 
propriating them to particular genera." 

How entirely the previsions of the wise old botanist have been 
realized, I need not explain. We now know what almost all of the 
names misapplied by Linnseus and his school were meant for of 
old; and when some more good naturalists collect names and 
specimens together in various parts of Greece, probably very few 
of the ancient names will remain unidentifiable. 

The only reply that Linnaeus could make to the censures of 
Dillenius appears in the following minutes : — 

" With regard to unoccupied names in antient writers, whicli I have adopted 
for other well-deflned genera, I learned this of you. You, moreover, long ago, 
pointed out to me that your own Draba, ?lova PL Genera 122, is different from 
the plant so called by Dioscorides.'' 

The retort of one sinner that his antagonist is another is no 
real answer. 

The comments of the British Committee of 1865, on this subject, 
are very judicious and pertinent. 

The use of mythological names for animals and plants is far 
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less culpable. The use of such is no worse than that of any 
meaningless name. Sometimes, even, there may be conveyed 
an association of ideas which appeals to the imagination in a 
not disagreeable manner. For example, Linnseus gave the name 
Andromeda^ after the Ethiopian maid whose mother's over-great 
boasts of the daughter's beauty made her the victim of Poseidon's 
wrath. Linnaeus justified his procedure by a remarkable play of 
fancy. 

" This most choice and beautifal virgin graoefuUy erects her long and 
shining neck (the peduncle), her face with its rosy lips (the corolla) far ex- 
celling the best pigment. She kneels on the ground witli her feet bound (the 
lower part of the stem incumbent), surrounded with water, and fixed to a 
rock (a projecting clod), exposed to frightful dragons (frogs and newts). She 
bends her sorrowful face (the flower) towards the earth, stretches up her inno- 
cent arms (the branches) toward heaven, worthy of a better place and happier 
fate, until the welcome Perseus (summer), after conquering the monster, draws 
her out of the water and renders her a fruitful mother, when she raises her 
head (the fruit) erect.'' 

The relation of the old myth to the plant may be far fetched, 
and no other would ever be likely to notice the analogy with- 
out suggestion ; but at least the conceit is harmless, if not 
agreeable. 

The analogy that gave rise to this fanciful description, con- 
tained in the ^^ Flora Lapponica," suggested itself to Linnaeus on 
his Lapland journey. 

*' The Chams&daphne of Buxbaum was at this time in its highest beauty, 
decorating the marshy grounds in a most agreeable manner. The flowers are 
quite blood-red before they expand, but when full grown the corolla is of flesh- 
colour. Scarcely any painter's art can so happily imitate the beauty of a fine 
female complexion ; still less could any artificial colour upon the face itself bear 
conaparison with this lovely blossom. As I contemplated it, I could not help 
thinking of Andromeda as described by the poets ; and the more I meditated 
upon their descriptions, the more applicable they seemed to the little plant be- 
fore me ; so that, if these writers had had it in view, they could scarcely have 
oontriyed a more apposite fable. Andromeda is represented by them as a vir- 
gin of most exquisite and unrivalled charms ; but these charms remain in per- 
fection only so long as she retains her virgin purity, which is also applicable to 
the plant, now preparing to celebrate its nuptials. This plant is always fixed 
on some little turfy hillock in the midst of the swamps, as Andromeda herself 
was chained to a rock in the sea, which bathed her feet, as the fresh water 
does the roots of the plant. Dragons and venomous serpents surrounded her, 
as toads and other reptiles frequent the abode of her vegetable prototype, 
and, when they pair in the spring, throw mud and water over its leaves and 
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branches. As the diBtressed yirgin cast down her blushing face through exoee- 
sire affliction, so does the rosy-colored flower hang its head, growing paler and 
paler till it withers away. Hence, as this plant forms a new genus, I have 
chosen for it the name of Andromeda." 



DOUBLE NAMES. 

It was long the custom, when a specific oame was taken for a 
genus, to substitute a new specific for the one so diverted. There 
was some reason for this, for sometimes the specific name covered 
several forms, or at least was equally applicable to several; of 
late, however, the acceptance of both the generic and specific 
names, that is, the duplication of a name, has been quite general, 
and various precedents have been adduced in favor of the pro- 
cedure. '^ In the solemn anthem musicians have been known to 
favor such repetitions, the orator uses them, in poetry they occur 
without offence, and even our English aristocracy sometimes bears 
them as an added grace.** ^ It is also a frequent custom in many 
barbarous and half-civilized races, as well as the young of our 
own, to double the name for a given subject; and this analogy 
may be regarded by some of you as a perfect one. But in the last 
cases some regard is had for euphony, and it is a short woM that 
is repeated, as in the case of the Kiwi-Kiwi and Roa-Roa of the 
Maoris of New Zealand, the Pega-Pega of the indigenes of Cuba, 
the Willie- Willie (water spout) of the Australians, and our own 
familiar Pa-pa and Ma-ma. Many scientific names repeated are 
long, — some very long, — but even for such I would now yield 
the point. Stability of nomenclature is a greater desideratum than 
euphony or elegance. But here let me add that there is a history 
behind the Scomber Scomber, which has been frequently cited as an 
example of the duplication of a name by Linnaeus. It was Scofnber 
Scombnis that was used at first by the early nomenclator, and that 
occurs in the tenth edition of the '*Systema Naturae" (p. 297), 
as well as in the " Fauna Suecica " (2d ed., p. 119). Linnaeus 
thus combined the old Latin and Greek names of the mackerel, 
which were formally different, although of course traceable to one 
and the same root. The name is therefore not repulsive, but in- 
teresting as a historical reminiscence of past usage by two great 
peoples. It was only in the twelfth edition of the ^^ Systema ** 

1 Stebbing in Nat. Science, viii. 255. 
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(p. 492) that LinDseus exactly duplicated the name as Scomber 
Scombevy and thus vitiated the last edition in this as he did in 
other cases. But it is at least possible that the exact duplication 
of names in the twelfth edition is the offspring of typogi-aphical 
inaccuracy or clerical inadvertence. At any rate, those who recog- 
nize the tenth edition of the ^^ Systema " as the initium of 
nomenclature will adopt the more elegant form. 

VARIANTS AND SIMILARITT OP NAMES. 

The case of Scomber and Scombrus naturally suggests considera- 
tion of another rule adopted by various societies. By the German 
Zoological Society it is provided that "names of the same origin, 
and only differing from each other in the way they are written, 
are to be considered identical." ^ Words considered identical are 
Fischeria and Fisheria^&a well as Astracanthus and Asteracajithus ; 
and among words sufficiently different are Polyodon^ Folyodonta, 
and Polyodontes, 

When rules are once relaxed in this indefinite manner, the way 
is at once open to differences of opinion as to what are to be 
considered identical or too much alike. FischeHa and Fisheria 
appear to me to be sufficiently distinct, and would be so consid- 
ered by some who would think that Folyodon^ Folfjodonta, and 
Polyodontes are too nearly alike. While the last three are con- 
ceded to be sufficiently distinct by the German Zoological 
Society, analogous forms, as Heterodon and Heterodontus^ are 
claimed by some zoologists to be too similar, and consequently 
the latter prior and distinctive name of the " Port Jackson shark " 
is sacrificed in favor of the later and inapt Cestracion^ — a name 
originally coined and appropriate for the hammer-headed sharks, 
but misapplied to the Australian shark. 

I agree with those who think that even a difference of a single 

^ ** Etymologisch gfeich abgeleitete und nur in der Scbreibweise von einander ab- 
iieichende Namen gelten als gleich. 

Beispiele : tilvestriM = iylvestris; cceruleut = cmrvlem; l{nnai=: linnet ; Fischeria = 
Fisheria ; Astracanthus = Asteracanthus, 

a. Dagegen konnen neben einander verwendet werden Picus und Pica ; Polyodon, 
PolyocUmtaf und Polyodontes ; Jluvialis, fiuviatUiSy Jluviaticus^ fiuviorum; moluccensis 
and moluccanus. 

b. Bei Neubildung von Namen moge man solche vermeiden, welche leicht mit schon 
Torhandenen verwechselt werden konnen.*' Regein . . . von der Deutsch. Zool. 
G«.., § 4. 
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letter in most cases is sufficient to entitle two or more generic 
names so differing to stand. The chemist has found such a differ- 
ence not only ample, but most convenient to designate the 
valency of different compounds, as ferrrcyanogen, and f errocyano- 
gen. I am prepared now to go back on myself in this respect. 
In 1831 Prince Max of Nieuwied named a bird Scaphorhyn- 
chus^ and in 1835 Heckel gave the name Scaphirhynchus to a 
fish genus. In 1863 I used a new name (Scaphirhynchops) for 
the aclpenseroid genus, and that name was adopted by other 
naturalists. Jordan later considered the literal differences be- 
tween the avine and piscine generic names to be sufficient for 
both. I yield the point, and abandon my name, Scaphirhynchops. 
But those who hold to the rule in question will retain it. 

Another set of cases exhibiting diversity of opinion may be 
exemplified. 

In 1832 Reinhardt gave the name Triglops to one cottoid 
genus, and in 1851 Girard named another Triglopsisy Girard 
apparently not knowing of Reinhardt's genus. In 1860 the later 
name was replaced by Ptyonottcs, All American naturalists have 
repudiated the last name. 

In 1854 Girard named a genus of Atherinids Atherinopsis^ and 
in 1876 Steindachner, knowing well the name of Girard, deliber- 
ately called a related genus Atherinops, No one, as yet, has 
questioned the availability of the later name, but one who refuses 
to adopt Trifflopsis because of the earlier Triglops must substitute 
another name for Atherinops, 

Who shall decide in such cases, and what shall be the standard? 

MAKING OF NAMES. 

It was long ago recognized, even by Linnaeus, that the rigor of 
the rules originally formulated by him would have to be relaxed. 
Naturalists early began to complain that the Greek and Latin 
languages were almost or quite exhausted as sources for new 
names, and many resorted to other languages, framed anagrams 
of existent ones, or even played for a jingle of letters. 

Forty years ago one of the most liberal of the American con- 
tributors to such names ^ defiantly avowed that "most of the 
genera [proposed by him] have been designated by words taken 

1 Girard in Proc. Acad. Nat. Sc. Fhila., viii. 209, 1856. 
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from the North American Indians, as being more euphonic 
than any one [he] might have framed from the Greek. The 
classic literature has already furnished so many names that there 
are but few instances in which a name might yet be coined, and 
express what it is intended to represent. [He] offered this remark 
as a mere statement, not as an apology." He gave such names 
as Minomusj Acomus, Dionda^ Algoma^ Algansea, Agosia^ Noco- 
mis^ Meda, Cliola^ Codoma^ Montana, Tiaroga, Tigoma, Che- 
onda, and Sihoma, 

These names have caused some trouble, and have been sup- 
posed to be original offspring of the ichthyologist; but those 
familiar with Longfellow's Hiawatha will recognize in Nocomis 
the name of the daughter of the Moon ^ and mother of Wenonah 
(Nokomis), corrected by classical standard ! and in Meda the title 
of a " medicine man " (not " a classical feminine name"). Other 
names are geographical or individual. 

In the excellent report to the International Zoological Congress, 
by Dr. Raphael Blanchard (1889), it was remarked that it would 
be generally conceded that naturalists have almost completely 
exhausted the Greek and Latin words, simple and compound, 
possible to attribute to animals.^ 

But the classic languages are even yet, although about one hun- 
dred thousand names * grace or cumber the nomenclators, far from 
being completely exploited. To some of us, indeed, the diflS- 
culty in determining upon a new name is that of selection of 
several that are conjured up by the imagination rather than the 
coining of a single one. 

Besides the methods of name-making generally resorted to, 
there are others that have been little employed. Among the few 
who have resorted to other than the regular conventional ways is 
the illustrious actual President of the American Association for 
the Advancement of Science. His long list of generic names 
proposed in the various departments of zoology embraces many 
of unusual origin, and almost always well formed, elegant, and 

1 " From the full moon fell NokomiSf 
Fell the beautiful Nokomis." 

The Song of Hiawatha, IIL, lines 4, 5. 
s (* On oonyiendra que les nataralistea ont dd ^puiser a peu prte complMement la 
liste des mots grecs ou latins, simples on composes, qu'il ^tait possible d'attribuer aax 
animaox.'* Ball. Soc. Zool. France, xiv. 223. 

< The number one hundred thousand includes duplicates and variants. 
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euphonious. I can only adduce a few of the ways of naming 
illustrated by classical examples. 

In ancient Greek there are numerous words ending in -iasy and 
many substantives with that termination are names of animals 
given in allusion to some special characteristic. 

Acanthias is the designation of a shark, especially distin- 
guished by the development of a spine at the front of each dorsal 
fin; the name is derived from oKavOay spine, and the terminal 
element. 

Acontias is the name of "a quick-darting serpent," and the 
main component is aKiav^ a dart or javelin. 

Anthias is the name of a fish found in the Mediterranean and 
distinguished by the brilliancy of its color; evidently it was 
based on av^o?, a flower. The color of the fish may remind one 
of a showy flower. 

Xiphias is the ancient as well as zoological designation of the 
sword-fish ; it was plainly coined from ^t<;^oc, a sword. 

These four names give some idea of the range of utility of the 
particle in question; they involve the ideas of defensive arma- 
ture, offensive armature, ornamentation, and action. 

A number of names have been framed by modem zoologists in 
conformity with such models. Such are Stomias (named by the 
Greek scholar and naturalist, Schneider) and Ceratias^ — types 
of the families Stomiidce (generally written Stoiniatidce) and 
Ceratiidce. Tamias is another name, well known in connection 
with the chipmunk. 

But there is room for many more of like structure. For ex- 
amples, peculiarities of various parts might be hinted at by such 
words as Cartas or Cephalias or Cotidias or Cottias (for animals 
having some distinctive character in the head), Chirias (hand 
or hand-like organ), Gnathias (jaw), Podias (feet), Thoracias 
(thorax), and many others of analogous import. 

Another termination which might be used advantageously 
instead of the too often used -aides is the patronymic suffix -ides. 
This would be specially useful where genetic relationship is de- 
sired to be indicated. We have many such models in classical 
literature, as Alcides, the son of Alcceus, Atrides, the son of 
Atreus, Pel ides, the son of Peleus, JEacides, the grandson of 
^acus, and the like. 

Another source for help in name-making is in the several 
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intensive Greek particles occurring as prefixes of various names. 
The chief of these prefixes are agi-^ ari-^ da-^ eri-^ eu-y and «a-. 
Eu' has been so very often drafted into use that relief and variety 
may be found by resorting to the others. 

Art' ("Api') occurs often in classical words, as apiiSa#cpvs, very 
tearful, opt^Xos, very plain, and apiirpein^, very showy. 

Da (Aa-) is illustrated by such names as 3ao-Kio9 (daskios, 
shaded) and ^<l>oiv6^ (daphoinos, deep red), — convert them, if 
you will, into Dascius and Daphosnus, Numerous names may 
be made on the model, although in classical Greek there are few. 

Eri- (*Ept-) is used in the same way as Ari-^ and is familiar in 
ancient Greek as a particle of such woi'ds as ipiavy^ (very 
brilliant) and ipuivxv^ (with a high arched neck). The common 
large seal of northern Europe {Erignathus harbatus) has received 
its generic name, based on the same model, on account of the 
depth of the jaws. Very few naturalists, however, have availed 
themselves of this particle for name-making, most of the words 
in the zoological nomenclators commencing with Eri- having 
other origins. 

Za- (Za-) is met with in such words as fdiys (strong blowing), 
Jo^cpiys (very hot), {aicaAA^? (very beautiful), faTrXouros (very rich), 
fawoTi;? (a hard drinker). The particle has been utilized in the 
composition of the generic name {Zalophus) of the common sea- 
lion, distinguished by its high sagittal crest (fa- and Xo<^o9, crest), 
familiar to menagerie visitors, and the residents and travellers in 
San Francisco. Professor Cope has also made use of it for 
several of his names. 

We have been told by ancient writers that Cicero was a name 
derived from cicer^ a vetch. According to Pliny, the name (like 
Fabius and Lentulus) was obtained on account of ancestral skill 
in cultivation of the plant; but, according to Plutarch, the origi- 
nal of the name was so called because he had a vetch-like wen 
on his nose.^ Which one (if either) was the fact is of no material 
consequence. The etymological propriety of both is sanctioned 
by the suppositions of classical writers. There can then be no 
valid objection to other names formed on the model. 

There is one rule which has been put in such a form (and with- 
out proper exceptions) that a number of names, improper accord- 

I Those familiar with the ** Spectator ** may recall Addison's allusion to this (No. 59). 
See also Middleton's Life of Cicero. 
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ing to classical standards, have been introduced. The rule is 
that the aspirate of Greek should be rendered by h. While this 
is true for the commencement of a name, it is not for the body, 
where it generally is suppressed, being sonant only after p^ t^ 
or k» The Greeks, accordingly, wrote Philippos (4>tA.t7nros) and 
Uphippus (*E<;^t7nros). In accordance with such models Mesohippus 
and Orohippus should have been called Mesippus and Orippus. 
Protohipptis should have been Prothippus, Epihippus might by 
some be considered to be preoccupied by EphippuSy a genus of 
fishes. But, in my opinion, all the names should be retained as 
they are (if there is no other objection), on the assumption that 
more confusion would result from sacrifice of priority than of 
classical excellence. 

From names as names, I proceed to the consideration of fitting 
them to groups. 

TYP0NTM8. 

The question what is necessary to insure reception of a generic 
name is one of those concerning which there is difference of 
opinion. By some a definition is considered to be requisite, while 
by others the specification of a type is only required. But the 
demand in such case is simply that the definition shall be made. 
It may be inaccurate or not to the point; it may be given up at 
once, and never adopted by the author himself afterwai-ds, or by 
any one else. Nevertheless, the condition is fulfilled by the 
attempt to give the definition. In short, the attempt is required 
in order that the competency (or its want) of the namer may be 
known, and if incompetency is shown thereby — no matter! 
The attempt has been made. The indication by a type is not 
suflScient. 

Any one who has had occasion to investigate the history of 
some large group must have been often perplexed in determining 
on what special subdivision of a disintegrated genus the original 
name should be settled. The old genus may have been a very 
comprehensive one, covering many genera, and even families of 
modern zoology, and of course the investigator has to ignore 
the original diagnosis. He must often acknowledge how much 
better it would have been if the genus had been originally indi- 
cated by a type rather than a diagnosis. Many naturalists, there- 
fore, now recognize a typonym to be eligible as a generic name. 
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Among such are those guided by the code formulated by the 
American Ornithologists' Union, to which reference may be 
made, and in which will be found some judicious remarks on the 
subject under " Canon XLII." Certainly it is more rational to 
accept a typonym than to require a definition for show rather 
than use. Nevertheless, I fully recognize the obligation of the 
genus- maker to indicate by diagnosis, as well as type, his con- 
ception of generic characters. 

FIRST SPECIES OP A GENUS NOT ITS TYPE. 

On account of the difficulty of determining the applicability of 
a generic name when a large genus is to be subdivided, it has been 
the practice of some zoologists to take the first species of a genus 
as its type. This, it has been claimed, is in pursuance of the law 
of priority. It is, however, an extreme, if not illegitimate, exten- 
sion of the law, and has generally been discarded in recent years. 
But in the past, it had eminent advocates, such as George Robert 
Gray in Ornithology, and Pieter Van Bleeker in Ichthyology. 
A few still adhere to the practice, and within a few months two 
excellent zo5logists have defended their application of names by 
statements that the first species of the old genera justified their 
procedure. The contention of one involves the names which shall 
be given to the crayfishes and lobsters. 

It is evident that the fathers of zoological nomenclature never 
contemplated such a treatment of their names, and the application 
of the rule to their genera would result in some curious and unex- 
pected conditions. Let us see how some genera of Linnaeus 
would fare. The first species of Phoca was the fur seal, the first 
species of Mustela the sea-otter, the first of Mus the guinea-pig, 
and the first of Cervua was the giraffe. These are sufificient to 
show what incongruities would flow from the adoption of the rule. 

CHOICE OF NAMES SIMULTANEOUSLY PUBLISHED. 

There is another issue of nomenclature involving many genera. 
In the same work different names have been given to representa- 
tives or stages of what are now considered the same genus. For 
example, Lac^p^e, in the third volume of his " Histoire Naturelle 
des Poissons," published two names, Cephalacanthus and Dacty- 
lopterusy the former given to the young and the latter to tlie adult 
stage of the flying gurnard. Cephalacanthus appeared on page 
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323, and Dticti/lopterus on page 325. Dactylopterus is the name 
that has been generally adopted for the genus, but some excellent 
naturalists now insist on the resurrection and retention of Cephalcb- 
ca?ithusj for the reason that the latter was the first given name. 
In connection with an analogous case, it was urged that ^^ the law of 
primogeniture applies to twins." There is a fallacy involved in 
such a comparison, which becomes obvious enough on considera- 
tion. In the case of twins, the birth of one precedes that of the 
other by a very appreciable interval of time. But in the case of 
names appearing in the same volume (issued as a whole) the pub- 
lication is necessarily simultaneous. It is therefore, it appears to 
me, perfectly logical to take the most appropriate name, or to fol- 
low the zoologist who first selected one of the names. In the case 
of Dactylopterus^ there would be the further advantage that the 
current nomenclature would not be disturbed. 

It is interesting to note that those who have acted on the prin- 
ciple just condemned do not feel called upon to accept the first 
species of a genus as its type. 



MAJOR GROUPS AND THEIR NOMENCLATURE. 

Another subject to which I would invite your attention is the 
amount of subdivision of the animal kingdom which is expedient, 
and the nomenclature of such subdivisions. 

LiunaBus only admitted four categories, — class, order, genus, 
and species. These suflficed for most naturalists during the 
entire past century. Only one naturalist — Gottlieb Conrad 
Christian Storr — went into much greater detail ; he admitted as 
many as eleven categories, which may be roughly compared with 
modern groups as follows : — 
Agroen 



Acies 
Class 

Phalanx 

Cohors 

Ordo 

Missus 

Sectio 

Coetus 

Genus 

Species 



Rubrisanguia 
[= Vertebrata] 
K Warm-blooded \ 
\ Cold-blooded ] 
Mammalia 
i Pedata ) 
} Pinnepedia > 
( Pinnata ) 
( Unguiculata ) 
\ Ungulata ) 



Subkingdom 

Superclass 
Class 

Subclass 

Saperorder 

Order 

Suborder 

Family 

Subfamily 

Genus 

Species 
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These groups are really not exactly comparable with any of 
recent systematists, inasmuch as Storr proceeded from a physio- 
logical instead of a morphological base in his classification. The 
only work in which this classification was exhibited was in his 
"Prodromus Methodi Mammalium," published in 1780. 

With this exception, the naturalists of the last century practi- 
cally recognized only four categories, — species, genera, orders, 
and classes. Families were introduced into the system by 
Latreille. The word '* family," it is true, was not unknown 
previously, but it had been used only as a synonym for order. 
In botany such usage even prevails, to some extent, at the present 
day, and persists as a heritage of the past. The French botanists 
used "famille" as the equivalent of "ordo." Our English and 
American botanists followed and used " order " as the more scien- 
tific designation, and " family " as a popular one ; Gray, for ex- 
ample, calling the family represented by the buttercups the "Order 
Ranunculacese," or " Crowfoot Family." But in zoology the two 
names became early differentiated, and while order was continued 
in use with the approximate limits assigned to it by Linnaeus, 
family was interposed as a new category, intermediate between the 
order and genus. At first this category generally was given a de- 
scriptive designation ; but soon the tendency to employ, as a part 
of the designation, the stem of the principal generic name, became 
marked, and the use of the patronymic sufiSx -idee in connection 
with a generic name was adopted, and, as time has advanced, has 
become more and more general. But the assent to this method 
is not universal. There are still some excellent zoologists who 
refuse to be bound by the rule, and who adopt the oldest family 
name, whether it be denominative or patronymic, and whatever 
may be the termination. 

The five categories thus recognized were very generally ad- 
mitted, and for a long time were the only ones recognized by 
many naturalists. But gradually subordei*s, subfamilies, and 
subgenera were taken up. Further, the word "tribe" was often 
used, but with different applications. Still other divisions were 
occasionally introduced, but the most elaborate of all the schemes 
for gradation of the groups of the animal kingdom were those 
proposed by Bleeker and Haeckel.* They are reproduced in the 

^ GknereUe Morphologle der Organismen, ii. 400. 
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following parallel columns, in which their applications to fishes 
and mammals are likewise shown. 



Vertebrata 

Pachycardia 

AUantoidia 

Mammalia 
Monodelphia 

Deciduata 
Diacofplacentalia 



Rodentia 
Afyomorpha 

Murina 



Phylum 
Subphvlum 
Cladus 
Subcladus 

CLAB8I8 

SubclassiB 

Legio 
Sublegio 



Ordo 
Subordo 
Sectio 
Subsectio 



CLA88I8 

Subclassis 

Divisio 

Legio 

Sublegio 

Series 

SubserieB 

Phalanx 

Subphalanx 

Caterva 

Ordo 

Subordo 

Sectio 

Trihu8 

Familia 

Subfaniilia 

Cohors 

Stirps 

Genu8 



Piices 

Monopnoi 

Dirhinichlhyes 

Eleuthet'ognathi 

Ctenobranchii 

IsopUuri 

Kanonikoderm i 

Alethinichthyes 

Neopoiesichihyes 

Katapieseocephali 

PcTCCB 

Percichthifini [sic !] 
Paristemipteri 

Percichthyini [sic !] 
Percoidei 



Spe CI BS Perea ftuviatilU 



Fakilia 

Subfamilia Subfaniilia Percaformes 
Arvicolida Tribus 

ffypudcei Subtribus 

Arvicola Genus Genu8 Perca 

Subgenus 
Paludicola Cohors 

Subcohors 
Arvicola amphibius Spbcib8 

Subspecies 
Arvicola {amphibius) Varietas 

terrtstris 
Arvicola {amphibius SubTarietas 
tetrestris) argent 
toratensis 

Here we have a total of 31 categories intermediate between the 
kingdom and the individual of an animal form. The tools have 
become too numerous, and some were rarely used by the authors 
themselves. Thus the cohors and stirps were not called into 
requisition by Bleeker for the Percoidei (though they were for the 
subdivision of the Cyprinoidei), and in the recent classification 
of the Radiolarians, Professor Haeckel did not find it necessai^ 
to draw upon the tribus or subtribus for the arrangement of 
any family. None others have adopted in detail either of the 
elaborate schemes proposed by their distinguished authors, and 
even those authors themselves have not, in their later works, gone 
into the details they provided for in their schemes. The only 
divisional name that has been used to any great extent is tribe. 
That has been frequently employed, but in dififerent ways, — some- 
times for the division of an order, sometimes within a suborder, 
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sometimes for a section of a family, again for a paii; of a sub- 
family, and even for a fragment of a genus. ^ In two of these 
widely differing ways it has been used in the systems of Bleeker 
and Haeekel. It is evident, however, that more groups than the 
old conventional ones, which alone Agassiz admitted, would be 
useful at the present. A happy mean seems to me to be realized 
in the following list: — 

Branch Superfamily 

Subbranch Family 

Superclass Subfamily 

Class Supergenus 

Subclass Genus 

Superorder Subgenus 

Order Species 

Suborder ^Subspecies. 

There are only two (or three for trinomial ists) of these which 
are "sonant," all the others being "mute" (to use the expression 
of Linnseus); but a question of termination affects several of 
them. 

All the supergeneric groups, like families, were originally 
chiefly designated by descriptive names, but the trend in all the 
years has been towards names which are based on the stems of 
existing genera. 

FAMILT. 

In 1796 C an 5 de la R."), Latreille, in his " Precis des Carac- 
t^res generiques des Insectes," for the fii-st time employed the 
term "family" as a subdivision of an order, but only gave the 
families numbers ("Famille premiere," "Fam. 2," etc.).^ He 
remarked that it might be desirable to have the families named, 
but deferred doing so till he could review the subject with greater 
care.' 

In 1798 (" an 6 "), Cuvier, in his *' Tableau Elementaire de 
THistoire naturelle des Animaux," in the introduction, when 
treating of graded characters (^^ caracteres gradues*'), named 

1 The words Pbalunx, CoborR, and Series (if not others) have been used recently in 
another manner by Dr. F. A. Smitt in the ** History of Scandinavian Fishes." The 
sequence in that work is Classis, Ordo, Snbordo, Phalanx, Cohors, Series, Familia, 
Subfamilia, Grenus, Subgenus, Species. 

3 " Les rapports anatomiques, ceuz de VHabittUf des metamorphoses, ont ^t^ mes 
guides dans la formation des families. Elles sont pr^c^d^es d*an chiffre arabe." p. ix. 

< ** On eut d^sir^ que j^eusse donn^ des noms aux families ; mais prevoyant que je 
serois contraint d'y faire plusieurs changemens, j'etisse ainsi expose la nomenclature a 
one vicissitude tr^ contraire k Pavancement de la science." p. ix. 
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only the genus, order, class, and the kingdom. In the body of 
the work, sometimes he used the word "family" instead of order 
(as for the Birds), but for two orders of the Insects he formally 
adopted a division into families which were regularly named. 
The first (unnamed) order ("ordre"), with jaws and without 
wings (" Des insectes pourvus de m&choires, et sans ailes"), 
was divided into several families ("plusieurs families naturelles "), 
— " les Crastaces," " les Millepieds," " les Aracneides," and " les 
Phtyreides." The order N^vroptferes was disintegrated into three 
families (" trois families naturelles"), — "les Libelles," "les 
Perles," and " les Agnathes." The representatives of the other 
(six) orders were distributed directly into genera. 

This, so far as I have been able to discover, was the first time 
in which an order of the animal kingdom was regularly divided 
into named families, designated as such. 

In 1806, Latreille, in his "Genera Crustaceorum et Insectorum," 
gave names to families, but on no uniform plan, providing de- 
scriptive names for some, as " Oxj/rhinci" for the Maioidean 
crabs, — names based on typical genera, with a patronymic ter- 
mination, as Falinurini and Astacini^ and, in other cases, names 
also based on a typical genus but with a quasi plural form, as 
PaguriL (In the same work, it may be well to add, Latreille 
also admitted more categories than usual, using ten for the ani- 
mal kingdom, — Sectio, Classis, Legio, Centuria, Cohors, Oi*do, 
Familia, Tribus, Genus, and Species.) 

In 1806, A. M. Constant Dum^ril, who had previously contrib- 
uted tables of classification to Cuvier's "Lemons d'Anatomie 
Comparee," and published his own " El^mens d'Histoire Natu- 
relle," brought out his " Zbologie Analytique." In this volume, 
he gave analytical tables for the entire animal kingdom, and 
admitted families for all the classes. The families were generally 
subordinated to orders; but when the structural diversity within 
a class did not appear sufBcient to require more than one "mute " 
category, the order was sacrificed in favor of the family. His 
families were generally very comprehensive, often very unnatural, 
and mostly endowed with descriptive names. (He admitted no 
more than five named categories in the animal kingdom, — class, 
order, family, genus, and species.) 

As we have seen, Cuvier, Latreille, Rafinesque, and others, 
to some extent, used names ending in -ides and -ini ; but the first 
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to fally recognize the advisability of using patronymic family 
names universally was William Kirby, who has not often 
received the credit for so doing, and is probably unknown to 
most in such connection. Nevertheless, in a note to his memoir 
on " Strepsiptera, anew Order of Insects proposed," he explicitly 
introduced this important feature in systematic terminology. 
He complained that Latreille's names '^have not that harmony 
and uniformity of termination which is necessary to make them 
easily retained by the memory." Continuing, he added, " If we 
adopted a patronymic appellation for these sections, for instance, 
Coleoptera Scarabceidoe^ Coleoptera Stapht/linidce, Coleoptera 
Sphceridiadce^ Orthoptera GrylUdcB^ etc., it would be liable to 
no objection of this kind." 

The suggestion thus made was heeded. The English naturaU 
iats (especially William Elford Leach and John Edward Gray) 
soon applied the method inculcated, and from them it has spread 
to the naturalists of every land; but the original impulse has been 
forgotten. For this reason I have recalled the memory of Kirby's 
work. 

But it was long before the expediency of this procedure was 
universally recognized, and even yet there are dissentients. One 
objection was that the termination -idcR was not consistent with 
Latin words. Professor Agassiz was never reconciled to such 
names, and gave names of Greek origin the termination -oidcB^ 
and those of Latin the ending -ince. In his system, too, there 
was no distinction between families and subfamilies, both having 
terminations in consonance with the origin of the stems, and not 
the taxonomic value of the groups. 

The endings -idm and -oidce have been often supposed to be 
identical, and even in highly esteemed dictionaries (as '^ The 
Imperial Dictionary of the English Language ") the terminal ele- 
ment of family names ending in -idoB is derived from " cBosj 
resemblance." As already indicated, however, words so termi- 
nated should be considered as patronymics. But those ending 
in 'Oidce, -oidei^ and -oidea may be assumed to be direct com- 
ponents with cT8o9. 

In answer to the objection (by Burmeister for example) that 
patronymic names are foreign to the genius of the Latin language, 
or at least of Latin prose, the fact that such a poet as Vergil has 
a large number shows that there is no pervading antagonism. 

A, A. A. 8. VOL. XLV. 11 



162 SECTION F. 



SUBFAMILT. 



Next to the family, the term " subfamily " was the earliest, and 
has been the one most generally accepted of the groups now 
adopted. But the name itself was not used till long after " family " 
had come into general vogue. The chief subdivision of the fam- 
ily had been named tribe, "^H^m," by Latreille, in 1806, and he 
continued to use that term. C. S. Rafinesque, in 1815, used the 
word subfamily, " sous-famille^** for groups of the same relative 
rank as the '*tribu" of Latreille, but gave generally descriptive 
names, with modified nominative plural endings (e, g. Monodao 
tj/lia), although sometimes he named the group after the principal 
genus (e, g, JPercidia). The subfamily is now generally recog- 
nized, and its ending rendered by -ince, or more seldom -ini or 
-ina. This is rather a termination for Latin adjectives involving 
the idea of relation or pertinence. 

But, as has been already urged, the language of nomenclature 
should not be bound by rules of strict philology. One of the 
most useful devices of scientific terminology is the establishment 
of terminations which indicate the nature or value of a group or 
relation to the group to which some entity belongs. 

The chemist has his terminations in -ates, -ides, and -gensj 
and does not deem it incumbent to defend his usage or to aban- 
don his system, because some one might object to the want of 
classical models. Nay, classical scholars themselves have 
recognized the legitimacy and usefulness of such a method. 

The ending -idcB has been shown to have classical sanction 
for both Greek and Latin, -itzcb has only classical sanction for 

Latin words, and there is one oidea or -oidece — for which no 

models are to be found in either language. But the convenience 
of all those endings as indicative at once of the taxonomic value 
of each group far outweighs any objection to them from the 
philological side. We are now confronted with the groups having 
the 'Oidea ending. 

SUPERFAMILY. 

Experience has shown that for the exhibition of difference in 
value of various groups and characters, more than the generally 
accepted groups — families and subfamilies — are desirable. 
Groups above the family, in the generality of their characters, 
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had been frequently adopted. A quarter century ago, I searched 
for an available name and notation for such a group, and found 
that the groups which I wished to recognize were most like those 
that Dana had recognized in the Crustaceans, under the name of 
subtribe, and given the ending -oidea. But the term "tribe " 
had first been given and most generally used for a subdivision 
of the family, and consequently was ineligible for a group includ- 
ing the family. Other names had been given to such groups, but 
there were objections against them. In a communication to the 
American Association for the Advancement of Science (Volume 
XX. ) I used a new name — superf amily — and the termination 
'oidea. The great advantage of the name was that it relieved the 
memory, and suggested at once what was meant by relation to a 
familiar standard — family. The term has been quite generally 
adopted, but there has been diversity of usage in the form of the 
names, -oidece being frequently suffixed to the stem, and some- 
times a descriptive name has been given. The only reason for 
the ending -oidea is that it was first used in such connection; 
'OidecB has the advantage (or disadvantage?) that it is in conso- 
nance with 'idcB and -ince. No provision has been made by the 
German Zoological Society for this category, their attention hav- 
ing been confined to family and subfamily nomenclature.^ 

OTHER GROUPS. 

Time does not permit of the consideration of the other groups, 
— order, suborder, superorder, class, subclass, superclass, branch, 
etc. Nevertheless, a caveat is in order that there appears to be 
no reason why the principle of priority now so generally recog- 
nized for the subordinate groups should not prevail for the 
higher. Why should the name Amphibia disappear and 
Bati'achia and Reptilia usurp its place ? Amphibia is a far better 
name for the Batrachia, and in every way defensible for it. The 
name had especial relation to it originally, and it was first re- 
stricted to it as a class. Why should the names Sauria and 
Serpentes give place to Lacertilia and Ophidia? The first are 

^ ** Die Namen tod Familien und Unterfamilien werden fortan tod dem gultigen 
Namen einer zu dlesen Gruppen gehorigeo Gattong gebildet, und zwar die der Familien 
durch Anhangen der Endnng ida (Plural von ides [gr. tliv^] masc. gen.), die der Unter- 
familien durch Anhangen der Endnng ina (fem. gen.) an den Stamm des betreffenden 
Gattungsnamens." Regeln . . . von der Deutsch. Zool. Ges., § 28. 
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names familiar to all, and correctly formed ; the last are, at least, 
strangely framed. Why should not Meantia be adopted as an 
ordinal name, by those who regard the Sirenids as representa- 
tives of a distinct order, as did Linnseus ? Why should not the 
ordinal names Bruta, Ferae, 6 1 ires, and Cete prevail over Eden- 
tata, Cai-nivora, Rodentia, and Cetacea? If the rules formulated 
by the various societies are applied to those groups, the earlier 
names must be revived. 

COMPLAINTS OF INSTABILITY OF NOMENCLATURE. 

Frequent are the laments over the instability of our systematic 
nomenclature ; bitter the complaints against those who change 
names. But surely such complaints are unjust when urged against 
those who range themselves under laws. We are forcibly reminded 
by such complaints of the ancient apologue of the wolf and the 
lamb. The stream of nomenclature has indeed been much muddied, 
but it is due to the acts of those who refused to be bound by laws 
or reason. The only way to purify the stream is to clear out all 
the disturbing elements. In doing so, mud that has settled for 
a time may be disturbed, but this is at worst anticipating what 
would have inevitably happened sooner or later. We are suffer- 
ing from the ignorance or misdeeds of the past. In opposing the 
necessary rectifications and the enforcement of the laws, extremes 
may meet ; conservatives and anarchists agree. But the majority 
may be depended upon in time to subscribe to the laws, and the 
perturbed condition will then cease to be. 

It is unfortunate that our nomenclature should have been so 
wedded to systematic zoology, and devised to express the differ- 
ent phases of our knowledge or understanding of morphological 
facts. Even under the binomial system, the disturbing element 
might have been made much less than it is. The genera of Lin- 
nsBus recognized for the animal kingdom were generally very 
comprehensive; sometimes, as in the case of Petromyzon^ Aste- 
rias^ and Echinus^ answering to a modern class ; sometimes, like 
Testudoj Ranaj Cancer, Scorpio, Aranea^ Scolopendra, and Jultis, 
to a modern order, or even more comprehensive group, and rarely, 
among Vertebrates, to a group of less than family value. The 
usage of Linnseus for the animal kingdom was very different 
from that for the vegetable kingdom. If the successors of Lin- 
naeus had been content to take genera of like high rank (equiva- 
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lent to families, for example), and give other names to the 
subdivisions (or sabgenera) of such genera, which, to use the 
language of Linnaeus, should be mute, less change would have 
subsequently resulted. But (Linnaeus himself leading) his suc- 
cessors successively divided a genus, gradually accepting a lower 
and lower standard of value, till now a genus is little more than 
a multiform or very distinct isolated species. Yet the change has 
been very gradual. It began by taking a comprehensive group, 
recognizing that the differences between its representatives were 
greater than those existing between certain genera already estab- 
lished, and therefore the old genus was split up ; or it was per- 
ceived that the characters used to define a genus were of less 
systematic importance than others found within the limits of the old 
genus, and, to bring into prominence such a truth, the genus was 
disintegrated. The process often repeated, and from successively 
contracted bases, has led to the present condition. 

The existing system of restricted genera, however, is too firmly 
fixed to revert back to a method that might have been, and which 
indeed Cuvier attempted to introduce by his revised Linnaean 
genera and their subgenera. The best thing to do now is to ac- 
cept the current system, purified as much as possible by judicious 
and inexorably applied laws. Doubtless in the distant future a 
less cumbrous and changeable system of notation will be devised, 
but in the mean time we had best put up with the present, incon- 
venient though it be. 



PAPERS READ. 



Tuesday, August 25. 

Ok thb bntokolooioal rbsults ov thb bxploration of thb British 
West India Islands bt the British Assooiation for the Adtance- 
MENT OF SoiENOE. Bj L. O. HowABD, Dept. of Agpficulture, WashingtOD, 
D. C. 

Warning colors, protectiyb ooloration, and protbctivb kikicrt. By 
F. M. Webster, Wooster, Ohio. 

On life zonbs in West Virginia. By A. D. Hopkins, Ezper. Station, 
Morgantown, W. Va. 

On the variation of certain species of North American Odonata. By 
D. S. Eellicott, Columbus, Ohio. 

A CASE OF EXCESSiYB PARASITISM. Bj L. O. HowARD, Dept. of Agricul- 
ture, Washington, D. C. 

Notes on the occurrence of dragonflibs in Ohio in 1896. By D. S. 
Kellicott, Columbus, Ohio. 

SCTLLARUS and AnBMONIA — A CASE OF 8EMT-COMMENSALISM. By EdWARD 

L. Rice, Middletown, Conn. 

Wednesday, August 26. 

Notes upon Cordylophora. By Prof. C. W. Hargitt, Syracuse, N. Y. 

Modification of the brain during growth. By Susanna Phelps Gage, 
Ithaca, N. Y. (Published in American Naturalist, Tol. xxx. p. 836.) 

Note on thb membranous roof of the prosencbphal and diencbphal of 
Ganoids. By B. F. Kingsbury, Ithaca, N. Y. 

Structure and morphology of the oblongata of fishes. By B. F. 
Kingsbury, Ithaca, N. Y. 

Differentiation of work in zoology — in secondary schools. By 
William Orr, Jr., Springfield, Mass. 

Field work and its utility. By Jas. G. Needham, Galesburg, Bis. 

Appendages of an insect larva. By Agnes M. Claypole, Wellesley, 
Mass. 
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Thurbdat, Auqu^t 27. 

Thb pebitokbal bfithblium in Amphibia. By Isabblla M. Grbbn, Ithaca, 

N.Y. 

Thb HBAJtT OF THB LUNOLB88 8ALAKAMDBR8 OF CaTUOA LaKE. Bj GrAVT 

S. Hopkins, Ithaca, N. Y. (Published in American Naturalist^ vol. xxz. 
p. 829.) 

ObSBRYATIONS on THB CHAMELEON, AnOLIS PRIN0IPALI8. Bj Rev. GbOROE 

V. Beichbl, Brockport, N. Y. 

Enerot in animal nutrition. Rblatite bfficiency of animals ab 
MACHINES. Bj Prof. Manlt Miles, Lansing, Mich. (Published in Ameri- 
can Naturalist, vol. xxx. p. 784.) 

Some abnormal chick embryos. By Prof. 0. W. Harqitt, Syracuse, 
N.Y. 

On a peculiar fusion of the gill-filaments in certain Lamblli- 
branchs. By Edward L. Bicb, Middletown, Ct. 

Experiments upon hbtbromorpbosis and reobneration. By Prof. C. W. 
Haroitt, Syracuse, N. Y. 

The penial structures of the Saurias. By Prof. Edward J). Cofe, 
Philadelphia, Pa. (Published by abstract in Science, N. S., ir. 561.) 

Thb relationships of the North American fauna. By Prof. Theodore 
Gill, Columbian University, Washington, D. C. 

Notb. — The paper on Thb bonb-fibsurb at Port Ebnnbdt, by Edward 
D. Cope, was given as a public lecture, Thursday evening. 

The paper by Fred E. Mixbr, on A nbw fish fauna of the waterlimb, 
was withdrawn to be read in Section E. 

Section adjourned Thursday Evening, 
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BOTANICAL GARDENS. 



ORIGIN AND DEVELOPMENT. 



The cultivation of plants within small areas for their healing 
qualities b}' the monks of the Middle Ages appears to have been the 
beginning of the modem botanical garden, although these mediaeval 
gardens doubtless took their origin from others of greater antiquity. 
Botanical gardens were thus primarily formed for purely utilitarian 
purposes, although the aesthetic study of planting and of flowers 
must doubtless have appealed to their owners and visitors. Their 
function as aids in scientific teaching and research, the one which 
at present furnishes the dominating reason for their existence, did 
not develop much, if at all, before the sixteenth century, and prior 
to the middle of the seventeenth century a considerable number 
existed in Europe in which this function was recognized to a 
greater or less degree, of which those at Bologna, Montpellier, 
Leyden, Paris, and Upsala were perhaps the most noteworthy. 
The ornamental and decorative taste for planting had meanwhile 
been slowly gaining ground, as well as the desire to cultivate rare 
or unusual species, and during the eighteenth century attained a 
high degree of development. Many persons of wealth and influence 
fostered this taste and became, through the employment of men 
skilled in botany and horticulture, generous patrons of science. 
The world was searched for new and rare plants, which were 
brought home to Europe for cultivation, and many sumptuous vol- 
umes, describing and delineating them, were published, mainly 
through the same patronage. The older gardens were essentially 

(171) 
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private institutions, but as the rights of the people became more 
and more recognized, many existing est^iblishments and an increas- 
ing number of newly founded ones became, to a greater or less ex- 
tent, open to the public, either through an admittance fee or without 
charge. The four main elements of the modern botanical garden 
have thus been brought into it successively : — 

1. The utilitarian or economic. 

2. The aesthetic. 

8. The scientific or biologic. 
4. The philanthropic. 

These four elements have been given different degrees of prom- 
inence, depending mainly upon local conditions, some gardens being 
essentially aBsthetic, some mainly scientific, while in our public 
parks we find the philanthropic function as the underlying feature, 
usually accompanied by more or less of the aesthetic and scientific. 

The Economic Element. — In the broadest extension of this de- 
partment of a botanical garden there might be included, to advan- 
tage, facilities for the display and investigation of all plants directly 
or indirectly useful to man, and their products. This conception 
would include forestry, pharmacognosy, agriculture, pomology, 
pathology, and organic chemistry, and, in case the management 
regards bacteria as plants, bacteriolog}'. 

The display of the plants may be effected by gi'owing such of 
them as will exist without protection in the locality in a plot, more 
or less individualized, commonly known as the Economic Garden, 
while those too tender for cultivation in the open are grown in the 
greenhouses, either in a separate house or section, or scattered 
through the several houses or sections, in the temperatures best 
adapted to their growth. The display of plant products, best 
accompanied by mounted specimens of the species yielding them, 
by photographs and by plates, is accomplished by the Economic 
Museum, where these are arranged in glass or glass-fronted cases, 
suitably classified and labelled. It is believed that the most useful 
results are obtained by arranging this museum by the products 
themselves, and thus not in biologic sequence, but by bringing to- 
gether all drugs, all fibres, all woods, all resins ; where the same 
product is used in more than one industry the exhibit may be dupli- 
cated, more or less modified, without disadvantage. 

The investigation of economic plants and their products is accom- 
plished through the Scientific Department, and few valuable results 
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can be reached unless the scientific equipment is well developed. 
The two departments must work conjointly, both on account of the 
necessity of knowing just what species is under investigation, its 
structure, distribution, and literature, and in order that the most 
approved and exact methods may be used in the research. Any 
idea that the scientific element can be dispensed with in connection 
with economic studies is palpabl}' untenable. 

Teaching and research in agriculture, pomology, and plant 
patholog}* are so well organized in America, through our National 
Department of Agriculture and our numerous agricultural colleges 
and schools, that there is no great necessity for providing elaborate 
equipments for those branches in botanical gardens. But in case 
the endowment of a garden were sufSciently large to enable them 
to be successfully prosecuted, in addition to more necessar}' work, 
there can be no doubt that important additions to knowledge would 
be obtained. On the other hand, no such liberal allowances have 
been made with us for forestry or pharmacognosy, and research 
and instruction in these sciences must prove of the greatest benefit 
to the country. 

The Esthetic Element, — The buildings, roads, paths, and plant- 
ing of a botanical garden should be constructed and arranged with 
reference to tasteful and decorative landscape effect. The possi- 
bilities of treatment will depend largely upon the topographical 
character of the area selected and the natural vegetation of the 
tract The buildings required are a fire-proof structure or struc- 
tures for museum, herbarium, libraries, laboratories, and ofiSces ; a 
glass house with compartments kept at several different tempera- 
tures for exhibition, propagation, and experimentation, or several 
separate glass houses ; and to these will usuallj' be added dwelling- 
houses for some of the oflScers, a stable, and other minor buildings. 
The character, number, and sizes of the buildings generally depend 
on financial considerations. In placing the structures intended for 
the visiting public, considerations of convenient access, satisfactoiy 
water supply, and the distribution of crowds must be borne in mind, 
in connection with the landscape design. The planting should 
follow, as nearly as possible, a natural treatment, except immedi- 
ately around the larger buildings and at the entrances, where con- 
siderable formalit}' is desirable for architectural reasons. It is 
especially desirable that as much natural treatment as possible 
should be given to the areas devoted to systematic planting, — her- 
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baceoas grounds, fruticetum, arboretum. The rectilinear arrange- 
ment of plant beds found in most of the older gardens has become 
abhorrent to landscape lovers, and the sequence of families desired 
can usually be quite as well obtained by means of curred-marglned 
groups. 

The cultivation of decorative plants, and especially the fostering 
of a taste for them, and the bringing of unusual or new species to 
attention and effecting their general introduction, are important 
functions of a botanical garden. For the accurate determination of 
these plants, information concerning their habits and structure, and 
suggestions regarding the conditions of their growth, the sesthetic 
side must rely on the scientific. 

The Scientific or Biologic Element. — The important relations of 
the scientific department to the economic and aesthetic have already 
been alluded to. The library, herbarium, museums, and laboratories 
are the sources whence exact information regarding the name, 
structure, habits, life processes, and products of plants are derived, 
and they are the more useful as they are the more complete and 
thoroughly equipped. It is practically impossible for any one 
library to have all the literature of botany and related sciences, 
any one herbarium to possess an authentic and complete representa- 
tion of all species of plants, or any one museum to be thoroughly 
illustrative ; absolute perfection along these lines cannot be ob- 
tained, but the more closely it is approximated the better the 
results. The research work of the scientific department should be 
organized along all lines of botanical inquiry, including taxonom3^ 
morphology, anatomy, physiology, and paleontology, and the labora* 
tories should afford ample opportunities and equipment for their 
successful prosecution. 

The arrangement of the areas devoted to systematic planting, and 
the proper labelling of the species grown, are important duties of 
the scientific department. The sequence of classes, orders, and 
families is usually made to follow some " botanical S3'stem." It is 
highly desirable that this should be a system which indicates the 
natural relations of the families, as understood at the time the gar- 
den is laid out, and be elastic enough to admit of subsequent 
modification as more exact information relative to those relation- 
ships is obtained. The weight of present opinion is overwhelmingly 
in favor of an arrangement from the more simple to the more com- 
plex, and this will apply not only to the systematic plantations, but 
to the systematic museum and the herbarium. 
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The scientific possibilities of a botanical garden are the greater 
if an organic or co-operative relationship exists between it and a 
university, thus affording ready facilities for information on other 
sciences. 

The Philanthropic Element. — A botanical garden operates as a 
valuable philanthropic agency, both directly and indirectly. Its 
direct influence lies through its affording an orderly arranged insti- 
tution for the instruction, information, and recreation of the people, 
and it is more efi^cient for these purposes than a park, as it is more 
completely developed and liberally maintained. Its indirect, but 
equally important, philanthropic operation is through the discovery 
and dissemination of facts concerning plants and their products, 
obtained through the studies of the scientific staff and by others 
using the scientific equipment 

NUMBER AND DISTRIBUTION OF BOTANICAL GARDENS. 

There are somewhat over 200 institutions denominated botanical 
gardens, but only a few of them meet the requirements of the fore- 
going sketch. Some are essentially pleasure parks, with the plants 
more or less labelled ; most of them pay some attention to tax- 
onomy and morpholog}', many to economic botany, while a small 
number arc admirably equipped in all branches of the science. 

I have drawn freely on Professor Penhallow's first annual re- 
port of the Montreal Botanical Garden, published in 1886, for 
the following approximate statement of the number in different 
countries : — 

Algeria, 1. Egypt, 1. 

Australia, 5. France, 22. 

Austro-HuDgary, 13. Germany, 36. 

Belgium, 5. Great Britain and Ireland, 12. 

Brtusil, 2. Greece, 1. 

Canada, 1. Guatemala, 1. 

Canary Islands, 1. Guiana, 1. 

Cape of Good Hope, 8. Holland, 4. 

Ceylon, 1. India, 7. 

Chili, 1. Italy, 23. 

China, 1. Japan, 1. 

Cochin China, 1. Java, 1. 

Denmark, 2. Malta, 1. 

Ecuador, 1. Mauritius, 1. 



176 SECTION G. 

Natal, 1. Senria, 1. 

New Zealand, 1. Siberia, 1. 

Norway, 1. Spaiu, 2. 

Peru, 1. Straits Settlements, 1. 

Philippine Islands, 1. Sweden, 6. 

Portugal, 3. Switzerland, 4. 

Reunion, 1. Tasmania, 1. 

Ronraania, 2. United States, 10. 

Russia, 16. West Indies, 6. 



NOTES ON SOME FOEEIGN GARDENS. 

1. Buitenzorg, Java. This is the largest botanical garden, 
occupying some 1,100 a<^res, at altitudes from sea level to about 
6,000 feet. It was founded by the Dutch government in 1817, and 
has been well supported. Affording as it does highly favorable 
conditions for the growth of tropical and subtropical plants under 
natural conditions, it has yielded most important results, especially 
in taxonomy and plant physiology, many of which have been pub- 
lished in the ten large volumes of its ^' Annales.'' 

2. The Royal Botanic Gardens at Kew are situated on the south 
bank of the Thames, about six miles west of Hyde Park Corner. 
The}' are reached by several railway routes, the time from Charing 
Cross being about forty minutes, by steamer, and by omnibus lines. 
The present area of the gardens is about 260 acres, an addition 
having been made during the past year. These world-famed gar- 
dens originated in the exotic garden of Lord Capel, in 1759. In 
1840 they were adopted as a national establishment and opened as 
a public park. The botanic garden proper occupies about seventy 
acres, and the remainder is given to arboretum and pleasure grounds. 
There are two main greenhouses : 1 . The palm house, 362 feet long, 
the central dome rising 66 feet ; 2. The temperate house, of which 
the central portion is 212 feet long, 137 feet broad, and about 60 
feet high, flanked by wings which give a total length of al^ut 580 
feet, the whole covering between one and one and one half acres of 
ground. There are also fourteen other houses, grouped in two 
ranges and more or less connected, given to special collections. 
There are three botanical museums : 1 . Devoted to economic pro- 
ducts ; 2. to miscellaneous products ; 3. to timbers. There is also 
a large museum hall given to the exhibition of floral paintings by 
the late Marienne North. There is a small laboratory equipped for 
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research in physiological botany. The herbarium and library occupy 
the old palace of the King of Hanover, near the main entrance to 
the garden, and they are the largest and most complete in the 
world. The herbaceous ground is planted in long parallel beds, and 
contains several thousand species. The arboretum is thoroughly 
illustrative of all trees that will grow in the open at Kew, and the 
shrubs are, for the most part, cultivated in areas by themselves. 
There are numerous special features, such as the rock garden, the 
bamboo garden, and the American garden. 

The research work of Eew is principally economic and taxonomic. 
Ai*ound it centre the twenty-four botanical gardens and botanical 
stations of the British colonies, which are manned chiefly by men 
who have studied or worked at Kew. The principal publications 
at present emanating from Kew are : — 

1. The Kew Bulletin of Miscellaneous Information. 

2. Hooker's Icones Plantarum. 

3. The Continuation of Hooker's Flora of India. 

4. The Continuation of the Flora of Tropical Africa. 

5. Annual Reports. 

6. The Index Kewensis. 

The monographs and separate writings of its staff of scientific 
men are too numerous to review at this point. 

3. The Royal Botanical Garden of Berlin is situated in the south- 
western part of the city, but a project for moving it out into the 
country is now being seriousl}* considered. The palm house reaches 
a height of about ninety feet, being the highest one yet consti*ucted, 
and too high for satisfactory operation. The botanical museum is 
very extensive, and has series of economic, systematic, and archaeo- 
logical collections. The herbarium is one of the largest in the 
world. The systematic beds are arranged on a strictly modern se- 
quence, and portions of the garden are devoted to plant geography* 
and plant biology. The arboretum is not extensive. Among special 
features may be mentioned the alpine garden and the collections of 
Cacti. The garden is an institute of the University, where the prin- 
cipal laboratories are situated. There is also an institute of plant 
physiolog}-, with a small separate garden. The oflScial publications 
of the Berlin Garden are the '^ Notizblatt" and annual reports. A 
series of volumes of '' Jahrbiicher" was issued some years ago. 
The publications of the garden staff are voluminous, and cover all 
lines of botanical inquiry. 

A. A. A. S. VOL. XLV. 12 
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4. The long established '^ Jardiu des Plantea," the gardens of 
the Museum of Natural Histor}- at Paris, are situated in the heart 
of the citj' , fronting on the Seine. The conservatories are grouped 
near the main museum building, at one end of the grounds, are 
very large, and contain a great variety of plants. The botanical 
library, laboratories, and the enormous herbaiium are in a separate 
older building. The systematic beds are arranged in rows ; owing 
to the limited size of the area devoted to them they are much 
crowded, but contain a splendid assortment of species. But little 
space is given to trees ; there are, however, some famous specimens. 
Many valuable contributions to the literature of botany along all 
its lines have emanated from this grand institution for over one 
hundred years, published for the most part in the ^^ Annales" and 
^' Archives " of the Museum of Natural History, and in the Bulletin 
of the Botanical Society of France. 

5. The Botanical Garden of the Universit}' of Vienna was estab- 
lished about 1754, and is located in the heai*t of the city. There 
are here very impoitant and extensive museums, herbaria, and 
libraries, and one large fine greenhouse. The sj^stematic plantations 
occupy the larger portion of the tract, and special areas are devoted 
to the cultivation of medicinal and other economic plants, to an 
arboretum of native trees, and to groups illustrating plant geog- 
raph}'. The garden and associated laboratories provide equipment 
for the prosecution of all lines of botanical research. 

6. The Botanical Garden of Geneva was founded in 1817, and is 
situated in the heart of the cit}', near the University. There are 
two small greenhouses, a verj' large and important herbarium and 
library, and a small museum. The laboratories of the University 
are extensive and well equipped, affording capital facilities for 
work along all lines of botanical investigation. The De CandoUe 
herbarium and library, and the Boissier herbarium and library, 
i¥hich are near b}*, afford, in connection with the coUectiona of the 
garden, unsurpassed facilities for taxonomic study. 

7. The Royal Botanic Garden of Edinburgh covers about sixty 
acres, of which about one half was added to the older portion some 
twelve years ago ; there are possibilities of still further enlargement 
The main greenhouses have a frontage of about two hundred feet, 
the palm house rising some seventy feet, and there are six small 
special houses. The botanical museum, lecture room, and labora- 
tories are in one building, the large herbarium and library in 
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aoother. The S3'stematic plantations of herbaceous species are ex- 
tensive, the rock garden being an especially strong feature. The 
development of arboretum and fruticetum in the newer portion of 
the tract has made good progress. The institution is in intimate 
relationship with the University, nearly all the instruction in botany 
being given at the garden. The research work has been extensive, 
along taxonomic, morphologic, and physiologic lines. 

8. The Boyal Botanic Garden of Dublin, situated at Glasnevin, 
Just without the cit}', was founded through the influence of the Right 
Honorable and Honorable Dublin Societ}-, in 1790, was for many 
years suppoiiied by this Society- with the aid of government grants, 
and was transferred to the Science and Art Department in 1877. 
It includes about forty acres of undulating land, bounded to the 
north by the small river Tolka. There are eight greenliouses, most 
of them rather old, but containing a valuable collection. There is 
a small botanical museum and herbarium. The systematic her- 
baceous plantations are irregularly shaped beds, arranged in a 
somewhat radial manner. The arboretum and fruticetum occupy 
about one half of the area. 

9. The Brussels Botanical Garden lies in the heart of the city 
and embraces not more than ten acres of land, of which about one 
half is given to arboretum. The greenhouses are large but old. 
There is a very extensive herbarium and library. The systematic 
beds are arranged as quadrants of a circle, separated by concentric 
and radial paths. Special areas are devoted to ornamental and 
economic plants. Owing to the restricted size of the area available 
a ver}' dense grouping of plants is necessitated. The research 
work accomplished here has been mainly taxonomic. The Botanical 
Society of Belgium has its headquarters at the garden. 

10. The Imperial Botanical Garden at St. Petersburg is in close 
affiliation with the Academy of Sciences and the Universit}'. There 
is here a famous herbarium, a large botanical library and museum, 
and commodious and well stocked greenhouses. The garden pub- 
lishes '* Acta," and many researches prosecuted there are printed 
in the Bulletin and Memoirs of the Imperial Academy. 

11. The Royal Botanic Garden of Trinidad, situated at Port of 
Spain, was established in 1818, and now occupies about sixty-three 
acres, with some outlying plantations. There is a vast collection 
of tropical plants in cultivation, an extensive botanical library and 
herbarium, and a small laboratory. The garden publishes ^* Annual 
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Reports '* and " Bulletin," dealing especially with topics of economic 
application. 

12. The Botanical Depaii;ment of Jamaica, West Indies, operates 
extensive gardens at Kingston, smaller ones at Castleton, and the 
several large Cinchona plantations. The scientific collections and 
library are valuable. The department publishes '' Annual Reports " 
and " Bulletin," especially devoted to economic botany. 

13. McGill University, at Montreal, Quebec, carries on a small 
botanical garden in connection with its laboratories. The Montreal 
Botanic Garden, begun in 1885 on alx)ut seven tj'-five acres of 
ground in Mount Royal Park, was soon abandoned, owing to 
political complications. 

14. Among other foreign gardens of which mention mast be 
made, and of which a description would be interesting if our time 
allowed, are those at Munich, WUrzburg, Tubingen, Stockholm, 
Copenhagen, Upsala, Zurich, Ceylon, Calcutta, and Oxford. 



BOTAKICAL GARDENS IN THE UNITED STATES. 

The fii*8t botanical garden established in America was begun by 
John Bartram in Philadelphia, in 1 728. In it he placed a consider- 
able number of plants obtained in the course of his extensive travels. 
The plot still remains, including the family homestead, somewhat 
modified, and it is a pleasure to know that it will be preserved as 
public ground. 

Audr^ Michaux, in the latter part of the last centurj', planted 
gardens at Charleston, S. C, and New Durham, N. J. , but they 
were essentially nurseries from which he sent seeds and plants to 
Europe. 

In the year 1801 Dr. David Hosack, then Professor of Botany and 
Materia Medica in Columbia College, purchased twenty acres of 
ground in New York City, and called it the Elgin Botanic Garden ; 
in this tract he accumulated, with great labor, during the next ten 
years, a very large and valuable collection of plants. The institu- 
tion was transferred to the State of New York, through an Act of 
the Legislature, in 1810, and was then known as the Botanic Gar- 
den of the State of New York. It was subsequently gi*anted to 
Columbia College. Funds for its maintenance were not provided, 
however, and it was ultimatelj' abandoned. Two catalogues of its 
plants were issued by Dr. Hosack, one in 1806, and another in 1811. 
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The condition of botanical gardens in America at that time is indi- 
cated by the following note in Dr. Hosack's catalogue of 1806 : — 

'^ I learn, with pleasure, that a Botanic Garden is proposed to be 
established near Boston, and connected with the University of 
Cambridge. The Legislature of Massachusetts, with a munificence 
which does them honor, have granted, for this purpose, a tract of 
land, the value of which is estimated at thirty thousand dollars ; 
and several individuals have evinced their liberalit}' and love of 
science by voluntary subscriptions, to the amount of fifteen thousand 
dollars, towards the establishment and support of that institution. 
Another is also begun at Charleston, S. C, and a third is contem- 
plated in New Jersey, in connection with the College of Princeton.** 

In the 3'ear 1824 there was published at Lexington, Ky., the 
" First Catalogues and Circulars of the Botanical Garden of Tran- 
sylvania University at Lexington, Ky., for the j-ear 1824," by 
W. H. Richardson, M. D., President of the Board of Managers, 
and C. S. Rafinesque, Ph.D., Secretary. This rare pamphlet, 
which is not recorded in Dr. Call's very complete life and writings 
of Rafinesque, is of twenty-four pages, and is printed alternately in 
English and French. It is essentially an appeal for plants and 
material for the garden, and a list of species that it could furnish to 
kindred institutions. This garden was evidently short-lived, inas- 
much as in Rafinesque's '^Neogenj'ton" of the following jear, 
1825, he remarks, ** I mean, therefore, to indicate and propose in 
this small essay, many of the numerous new genera of plants de- 
tected or ascertained, some of which were indicated last year, 1824, 
in th^ Catalogue of the botanical garden which I have tried in vain 
to establish in Lexington." 

The principal gardens at present operated and in course of de- 
velopment in the United States are as follows : — 

1. The Botanic Garden of Harvard Universit}^ at Cambridge, 
Mass., founded in 1805. There are about seven acres of land 
under cultivation, a small greenhouse, and a famous herbarium and 
library, from which have flowed during the past forty j-ears volu- 
minous and invaluable contributions to taxonomy and morphology, 
especiall}* of North American plants. There is also a small morpho- 
logic laboratory. The main laboratories and museums connected 
with the institution are situated in other of the Harvard buildings, 
a short distance away. The system of garden, libraries, museum, 
laboratories, and herbaria operated by Harvard College is one of 
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the most complete in existence. It is hard to sa}', indeed, in what 
respect it is not ideal, except in the rather wide distance separating 
the several elements, and the small amount of land available for 
planting. 

2. The Arnold Arboretum of Harvard University, at Jamaica 
Plain, Mass., was founded through a bequest of $100,000, made 
about 1870, by Mr. James Arnold, of Providence, R. I., to three 
trustees, to be used for the improvement of agriculture or horticul- 
ture. The trustees wisely determined to devote it to forestry and 
dendrolog3% and effected co-operative agreements with Harvard 
College and the city of Boston, which have now given us the 
greatest tree museum in existence, freel}' open to the visiting 
public. The planted area is about one hundred and sixt}* acres, 
and will be materially increased in size. A small museum, library, 
and herbarium building has been erected near the main entrance. 
The great '' Silva of North America " and the journal " Garden 
and Forest" are noteworthy publications from this noble insti- 
tution. 

3. The Botanic Gardens of the United States Department of 
Agriculture, at Washington, have an extensive range of greenhouses 
and a large tract of land under cultivation. The herbarium of the 
department, now deposited with the United States National Museum^ 
is very large, and is at present increasing more rapidly than any 
other in America. There is a somewhat effective working library, 
which greatly needs matenal enlargement, and several poorly located 
and equipped laboratories, in which a vast amount of important 
investigation is being accomplished, under very unfavorable, con- 
ditions, which urgently demand improvement. Publications in- 
clude : Bulletin of the Botanical Division, Bulletin of the Division 
of Forestry, Bulletin of the Division of Plant Pathology and Physi- 
ology, Contributions from the United States National Herbarium, 
Year-Book of the United States Department of Agriculture, and 
circulars of the several divisions. 

4. The Missouri Botanical Garden, at St. Louis, Mo., was estab- 
lished in 1889, through the provisions of the will of Mr. Henry 
Shaw, who for over thirty years previously had been bringing 
together material for it on the laud about his residence, which was 
known as Shaw's Garden. There were in all some six hundred and 
seventy acres devised to the institution under the will of the gener- 
ous and philanthropic founder, and from the income yielded by 
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much of this land, not nearly all the area being required for garden 
purposes, the institution derives its large maintenance fund^ which 
will certainly be greatly increased as the land becomes more valu- 
able, and will supply an income sufficient to operate the institution 
in the most effective manner. There are several greenhouses, a 
very large and valuable herbarium and library, while the laboratories 
of the Shaw School of Botany, at Washington University, are in 
close relationship to the gai*den. Much important research, princi* 
palh"- taxonomic, has been prosecuted. Publications consist of 
seven volumes of Annual Repoi'ts, and nine *' Contributions from 
the Shaw School of Botany." 

5. The Botanical Garden of the Michigan Agricultural College 
was begun in 1877. There are now about three acres under high 
cultivation, exclusive of the arboretum and decorative grounds, 
which together cover several acres. There are several small green- 
houses, an herbarium of about sixty thousand specimens, a good 
botanical library, and extensive, well equipped laboratories. 

6. The University of California, at Berkeley, has a botanical 
garden of several acres, established some years ago, in which a 
large number of plants are grown. It furnishes a valuable adjunct 
to the work of the botanical department, which has well appointed 
laboratories, a working library, and a large herbarium. 

7. The University of Pennsylvania has recently established a 
garden of about three acres in the immediate vicinity of its build- 
ing, in Philadelphia, and has man}* species under cultivation. The 
extensive and well appointed laboratories of its School of Biology, 
good library facilities, and a small herbarium afford capital oppor- 
tunity for research, especially in physiology and morphology. 

8. Smith College, at Northampton, Mass., has also recently 
established a botanical garden, on the campus. 

9. The Buffalo Botanical Garden, in South Park, Buffalo, N. Y., 
was commenced in 1893, and has since made rapid and encour- 
aging progress. A small range of greenhouses has been built, and 
others are planned. A beginning has been made in accumulating 
a library and herbarium, and much permanent planting has been 
accomplished. 

10. The New York Botanical Garden. The establishment of the 
New York Botanical Garden was authorized by the Legislature in 
1891, and the enabling act was amended in 1894. The enterprise 
was inaugurated and the legislation procured by a committee of the 
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Torrey Botanical Club, appointed in 1889. The Act of Incor- 
poration provided that, when the corporation created should have 
raised or secured by subscription a sum not less than $250,000, the 
Commissioners of Public Parks were authorized to set apart and 
appropriate a portion of one of the public parks, not exceeding two 
hundred and fifty acres, and the Board of Estimate and Appor- 
tionment was authorized to issue bonds, aggregating the sum of 
$500,000, for the construction and equipment, within the grounds, 
of the necessary buildings. The subscription of $250,000 required 
by the Act of Incorporation was completed in June, 1895, and 
the Commissioners of Public Parks, in the following month, for- 
mally appropriated two hundred and fifty acres of the northern 
part of Bronx Park for the purposes of the Garden. Since that 
time the preparation of plans for the development of the tract has 
been steadily progressing, including designs for the museum build- 
ing and a large horticultural house. This planning is still in pro- 
gress, in charge of a commission of architects, engineers, gardeners, 
and botanists, who will complete their work within a short time, 
and be ready to submit a complete scheme to the Board of Managers 
during the coming autumn. Meanwhile, much preliminary work 
has been accomplished in clearing the ground, in grading, in the 
planting of borders, in the establishment of an extensive nursery, 
and in the accumulation of herbarium, museum, and library material. 
Through a co-operative agreement entered into with Columbia 
University, the herbarium and botanical library of the Univereity 
will be deposited with the Garden, and most of the research and 
graduate work of the University in botany will be can-ied on in the 
Museum Building. 

The endowment fund has been materially increased, and about 
four hundred and thirty persons have become annual members of 
the Garden, contributing ten dollars a jear each to its support. 
The publication of a Bulletin has been commenced by the issue, in 
April, of the first number of Volume I. 



PAPERS READ. 



Bkoinnino Tuesday, August 26. 

DiRECTiYE FORCES OPERATIVE IN LEAF ROSETTES. By R. N. Dat, Univer- 
sity of Minnesota, Minneapolis. (To be published in Minnesota Botanical 
Studies.) 

Ok THE BACTERIAL FLORA OF CHEDDAR CHEESE. By Prof. H. L. RuSSELL 

University of Wisconsin, Madison. (To be published in ISth Report Wis- 
consin Agrl. Expt. Station.) 

The stigma and pollen op Arisjsma. By Prof. W. W. Rowlee, Cornell 
University, Ithaca, N. Y. (Published in Bulletin of Torrey Botanical Club.) 

Studies in nuclear phenomena, and the development of the asco- 
SPORES IN certain Ptrenomtcetbs. By Mart A. Nichols, Hunting- 
ton, Indiana. (Published in Botanical Gazette.) 

On the stem anatomt of certain Onaoraceje. By Francis Ramalet, 
University of Minnesota, Minneapolis. 

On Crataegus coccinea and its segregates. By Dr. N. L. Britton, 
Director Botanical Garden, New York City. 

Structures of the embrto-sac. By Prof. J. M. Coulter, University of 
Chicago. (To be published in Botanical Gazette.) 

Notes on the genus Amelanchier. By N. L. Britton, Director Botanical 

Garden, New York City. 
Some CxPERACEiB new to North America, with remarks on other 

SPECIES. By N. L. Britton, Director Botanical Garden, New York City. 

On the Cardamines of the C. hirsuta group. By N. L. Britton, 
Director Botanical Garden, New York City. 

On the formation and distribution of abnormal resin ducts in Coni- 
fers. By Dr. Alex. P. Anderson, University of Minnesota, Minneapolis. 
(To be published in Fo7-st. Naturwissenschajlliche Zeitschri/l, Munchen.) 

On an apparently undescribed Cassia from Mississippi. By C. L. Pol- 
lard, U. S. National Museum, Washington, D. C. (To be published in 
Bulletin of the Torre y Botanical Club.) 

Notes on the family pEziZACSiB of Schroter. By Elias J. Durand, 
Cornell University, Ithaca, N. Y. 
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A BACTERIAL DISEASE OF THE SQUASH BUO (AnASA TRISTIS). By B. M. 

DuaoAR, Cornell Univ. Agrl. Expt. Station, Ithaca, N. Y. 

Grasses of Iowa. By Prof. L. H. Pammbl, Iowa Agricultural College, Ames, 
Iowa. 

A CONTRIBUTION TO OUR KNOWLEDGE OF THE RELATION BETWEEN OROWTB 

AND TURGOR. By Dr. Edwin B. Cofeland, Monroe, Wisconsin. 
The relation between the genera Poltgonblla and Thtsanella, as 

SHOWN BT A HITHERTO UNOBSERVED CHARACTER. By JOHN E. SmALL, 

Columbia University, New York City. 

An APPARENTLY UNDBSCRIBBD SPECIES OF PrUNUS FROM CONNECTICUT. 

By John K. Small, Columbia University, New York City. 

The FLORA OF THE SUMMITS OF KiNG'S MOUNTAIN AND CrOWDER'S MOUN- 
TAIN, North Carolina. By John K. Small, Columbia University, New 
York City. 

Rhbotropism and the relation of response to stimulus. By Prof. 
F. C. Newcombb, University of Michigan, Ann Arbor, Mich. 

Some adaptation of shore plants to respiration. By Hermann von 
Schrenk, Washington University, St. Louis, Mo. 

A comparison of the flora of Erie County, Ohio, with that of Erie 
County, New York. By E. L. Mosbley, Ohio State Academy of Sci- 
' ence, Sandusky, Ohio. 

Sporophyll-transformation in dimorphic ferns. By Prof. George F. 
Atkinson, Cornell University, Ithaca, N. Y. 

The significance of the compound ovary. By Prof. C. E. Bbssby, Uni- 
versity of Nebraska, Lincoln, Nebraska. 

The influence of rainfall upon leaves. By Prof. D. T. McDougal, 
University of Minnesota, Minneapolis. 

The curvature of tendrils. By Prof. D. T. McDougal, University of 
Minnesota, Minneapolis. (To be published in Annals of Botany, Sept, 
1896.) 

Relation of the growth of leaves to the carbon dioxide of the 
AIR. By Prof. D. T. McDougal, University of Minnesota, Minneapolis. 
(To be published in Journal of the Linn. Society, London.) 

A COMPARATIVE STUDY OF THE DEVELOPMENT OF SOME ANTHRACN08E8 IN 

ARTIFICIAL CULTURES. By Bertha Stoneman, Lskewood, N. Y. 

The habits of the rarer ferns of Alabama. By Prof. L. M. Under- 
wood, Columbia University, New York City. (To be published in 
Botanical Gazette.) 

Notes on the allies of the sessile Trillium. By Prof. L. M. Under- 
wood, Columbia University, New York City. 
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Distribution of thb species of Gtmnosporanoium in the South. By 
Prof. L. M. Underwood, Columbia University, New York City, and Prof. 
F. S. Earle, Alabama Polytechnic Institute, Auburn, Ala. (To be pub- 
lished in Botanical Gazette.) 

Notes on the pinb-inhabitino species of Pebidermum. By Prof. L. M. 
Underwood, Columbia University. New York City, and Prof. F. S. Earle, 
Alabama Polytechnic Institute, Auburn, Ala. (Published in Bulletin of 
Torrey Botanical Club.) 

The terminoloot of beproduction and of repboductive obganb. By 
Prof. C. R. Babnes, University of Wisconsin, Madison, Wis. 

What is the babk ? By Prof. C. R. Babnes, University of Wisconsin, Madi- 
son, Wis. 

The development of the vasculab elements in the pbimabt boot of 
INDIAN COBN. By Prof. W. W. Rowlee, Cornell University, Ithaca, N. Y. 
(To be published in Bulletin of Torrey Botanical Club.) 

Some bbmarkb on chalazooamt. By Prof. J. M. Coulteb, University of 
Chicago. (To be published in Botanical Gazette.) 

Cebes-Pulyeb : Jensen's new fungicide fob the treatment of smuts. 
By Prof. W. A. Kellebman, Ohio State University, Columbus, Ohio. 

Pabthbnogenesis in Thalictbum fbndlebi. By David F. Dat, Buf- 
falo, N. Y. 

What should constitute a type-specimen. By S. M. Tract, Director 
Mississippi Agrl. Expt. Station, Agricultural College, Miss. 

Remarks on the nobthebn species of Vitis. By Prof. L. H. Bailey, 
Cornell University, Ithaca, N. Y. 

The point of divergence of Monocotyledons and Dicotyledons. By 
Prof. C. E. Bessey, University of Nebraska, Lincoln, Neb. 

The development of the cystocabp of Gbiffithsia bobnetiana. By 
Abma a. Smith, West Camden, New York. 

MoBPHOLOOY OF THE Canna floweb. By Prof. L. H. Bailey, Cornell Uni- 
versity, Ithaca, N. Y. 

Distbibution of plants on fbesh-wateb islands. (Illustrated by lantern 
pictures.) By Prof. Conway MacMillan, University of Minnesota, 
Minneapolis. 

Section adjourned Thursday evening, August 27. 
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THE EHBLEMATIC USE OF THE TBEE IN THE DAKOTAN 

GBOUP. 



The tribes of the Dakotan or Sioaan lingaistic stock aggregate 
In number aboat 45,000 Indians. Grouped according to a close 
relationship of language, we find in the United States : 

82,000 in the Dakota; 4,000 in the Omaha, Ponka, Quapa, 
Eanza and Osage ; 800 in the Iowa, Otoe and Missouri ; 2,200 in 
the Winnebago; and 3,000 in the Hidatsa, Mandan and Crow 
tribes. The remaining 8,000 are widely scattered, with the greater 
part living in the Provinces of Canada. 

At the beginning of the seventeenth century, a number of tribes 
belonging to this stock dwelt on a strip of the Atlantic coast, 
now within the limits of North and South Carolina, extending as far 
west as the Alleghanies, and north to the Maryland line, and con- 
trolling the headwaters of the streams flowing westward. They 
were in constant warfare with their Algonquian and Iroquoian 
neighbors, and were exterminated as tribes within the historic pe- 
riod. The majority of the Siouan Indians were already beyond 
the Mississippi, where they were met by early explorers, and where 
they now dwell. We And the purport of their traditions to be that 
they were slowly driven from their eastern home by implacable 
enemies, and that once beyond the Mississippi, they spread to the 
northern tributaries of the Missouri, westward to the Rocky Moun- 
tains, and south to the Gulf of Mexico, where recent investigations 
have brought to light a remnant of the Biloxi. 

Contact with Algonquian, Iroquoian, Muskhogean, Caddoan, and 

(191) 
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Kioan stocks, daring the period of progress over this vast tract of 
country, has left its traces in the Siouan rites and customs ; but 
the uncertainty that still clouds the past history of this people, 
makes it difficult to determine when certain rites were adopted, or 
to gauge with accuracy the modifying influences of other stocks 
upon native usages and beliefs. From the scant records left by 
early travelers, witli the fragmentary nature of the information still 
obtainable from the few scattered survivors of the eastern and 
southern tribes, a full reconstruction of their social and religious 
customs is impossible ; but enough can be discerned to indicate that 
the eastern, southern and western tribes were all under the influence 
of cults which seem to have been fundamentally the same. 

In this paper is offered a slight contribution to the early history 
of social and religious development, inasmuch as in tracing the 
emblematic use of the tree in the Siouan linguistic group, we follow 
a people from a comparatively primitive condition, living in iso- 
lated bands, independently of each other, to their organization 
within the tribal structure, compacted by the force of common re- 
ligious beliefs. 

That ideas are the ruling force and " the constructive center" 
of human society, is readily conceded as applicable to our own race. 
It is equally true of the Indian ; but, in according this power to ideas, 
the modifying influence of envuronment is not to be overlooked. 
One cannot conceive of man apart from environment, his contact 
with it is the very condition of being. As Herbert Spencer has 
phrased it, life is '^ the continuous adjustment of inner relations to 
outer relations." 

This "adjustment" of man to his environment is the work 
solely of ideas, and the process, as evinced in this group of Indians, 
goes to show that those ideas which have formed ^' the constructive 
center " of the tribe are religious ideas. 

Indian religions seem to have been subject to the same laws that 
have governed the development and growth of religions on the east- 
ern continent. There, we know the several systems to have been 
begun with the simple utterances of a seer, which, as they were 
passed from mouth to mouth, became more and more clouded with 
interpretations, gradually expanded in detail, and finally formulated 
into ceremonials with attendant explanatory and dramatic rites. 
As time rolled into centuries, these ceremonies, with theur accessory 
priests, came to be regarded as of supernatural origin, endowed 
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frith superhnman power, and authorized to exercise control over the 
affairs of the tribe or nation ; but the one living germ within the 
ponderous incrostation of doctrine and ceremony, that had accumu- 
lated throughout the ages, was still the surviving, vitalizing thought 
of the seer. 

Turning to America, to the group of Indians of our especial 
study, we find traces of a similar history ; for, penetrating beneath 
the varied forms of their religious rites, we come upon a few fun- 
damental conceptions or thoughts, the most dominant of which 
perhaps is the idea of the all-permeating presence of what we call 
life, and that this life is the same in kind, animating all natural 
forms and objects alike with man himself. Coordinate with this 
idea, which has received the name of animism, is that of the con- 
tinuity of life, that whatever has once been endowed with it, must 
continue to be a recipient of it; in other words, whatever has 
once lived must continue to live. 

There is no reason to think that at any time in the past, it was 
possible for the idea of animism, or for any other idea, to have fal- 
len into the mind of every savage simultaneously, as a cloud-burst 
drenches the plain. Ideas have ever made their way as they do 
now, slowly, and by being communicated and talked over. The 
idea of animism is a vei-y remarkable one. It has been so built 
into the mind of the race, that it is difficult to imagine a time when 
it was not ; and yet there was such a time, a time when man stood 
dumbly wondering at the birds and beasts, assailed like himself by 
hunger, and finding food from the same supply; at the alternation 
of day and night ; and at the destructive and vivifying effects of the 
storm. But these wondering observations were like so many dis- 
connected fragments until some thoughtful mind caught the clue 
that led to the bold and clarifying thought, that all things were 
animated by a common life, and that man was not alone upon tlie 
earth with strange and alien creatures, but was surrounded by forms 
replete with life like his own, and therefore of his kindred. 

This mysterious power or permeating life was called in the lan- 
guage of the Omaha and Ponka tribes, Wa-kan-da. This word is 
now used to designate the Deity. The original meaning, while 
conveying the idea of the mysterious, something hidden or un- 
seen, also implied the power to bring to pass. Wa-kan-da-gi, an 
adverbial form of the word, is applied to the first putting forth of 
a new faculty, as when a child first walks or talks, but the word 
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wa-kan-da-gi would not be used to express the resumption of fac- 
ulties lost by sickness or accident. 

Fourteen years ago, while sitting with me in his tent, a thought- 
ful old Dakota Indian, who had never come under missionary in- 
fluence, spoke of his native religion, in which he was a firm believer. 
He explained the teaching of his fathera, and tried to make me 
understand that the mysterious power which animates all things, 
is always moving and filling the earth and sky. He said, " Every 
thing as it moves, now and then, here and there, makes stops. 
The bird, as it fiies, stops at one place to rest in its fiight, and at 
another to build its nest. A man when he goes forth stops when 
he wills, so the mysterious power has stopped. The sun, the moon, 
the four directions, the trees, the animals, all mark where it has 
stopped. The Indian thinks of all these places, . . . and sends his 
prayers to reach the mysterious power whore it has stopped." 

This Indian had evidently been taught that the power pervading 
all things was one in kind, and possessed of a quality similar to 
the will power of man. He said, "A man when he goes forth, 
stops when he wills ; so the mysterious power has stopped." 

The Indian conceives of Wa-kaw-da as endowed with like, though 
greater powers than those possessed by man. The prayer chanted 
by every Omaha when he goes out to fast, seeking a vision : — 

*' Wa-kan-da dhe-dhu wa-pa-dhin a- tan-he," 
Wa kan-da here needy I stand, 

is an appeal to something that is believed to be capable of under- 
standing the needs of a man, and implies a conception of Wa- 
kan-da that is anthropomorphic. But the Indian does not appar- 
ently think of Wa-ka7i-da as apart from, or outside of nature, but 
rather as permeating it, and thus it is that to him all things be- 
come anthropomorphized. 

In a Ponka ritual the following address is made to the tree, as 
represented in the framework of the lodge in which the ceremony 
takes place : 

'* Oh ! Thou Pole of the Tent, Ethka ; 

*' Along the banks of the streams, Ethka ; 

»*With head drooping over, there Thou sittest, Ethka; 

"Thy topmost branches, Ethka; 

*' Dipping again and again, in very truth, the water, Ethka; 

" Thou Pole of the Tent, Ethka; (The Tree now speaks,) 

«« One of these little ones, Ethka ; (That is, the suppliant,) 
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*' I shall set upon one (of my branches) , Ethka ; 

** The impurities, Ethka 

*' AllI shall wash away, Ethka." 

The tree is supposed to take the man on its branches, as in one's 
arms, and dip him in the stream, where *' all within the body ** is 
" cleansed." 

Long life is desired, and the Eock is invoked : 

*^0h! Aged One! Ethka; 

" Thou sittest as though longing for something, Ethka; 

^^ Thou sittest like one with wrinkled loins, Ethka ; 

" Thou sittest like one with furrowed brow, Ethka ; 

'* Thou sittest like one with flabby arms, Ethka." (The Rock now 
speaks.) 

'* The little ones (the people) shall be as I am, whosoever shall 
pray to me properly" (t. e. ceremonially). 

• Many other illustrations could be given to show the Siouan In- 
dian's anthropomorphic conception of nature. 

With the acceptance of the idea that all things were quickened 
with the same life, came the belief that a mysterious relationship 
existed between man and his surroundings, and it naturally followed 
that, in his struggle for food and safety, be should seek to supple- 
ment his own strength by appealing to his kindred throughout nature ; 
should *'send his prayers to reach the mysterious power where it 
has stopped " Said a venerable Indian to me one day, " The tree 
is like a human being, for it has life and grows, so we pray to it 
and put our offerings on it, that the mysterious power may help 
us." 

Coordinated with these ideas concerning nature, was that of the 
continuity of life, which could not but lead to a belief in dual worlds 
with interchanging relations : thus, we find that these Indians were 
firmly convinced that the dead camp in the unseen world, as they 
did while upon eailh, each gens having the same relative place in 
the tribal circle, and each person at death going to his own gens. 

Among the Ponkas the Ta-ha-u-ton-a-zlii division of the Ni-ka- 
pa-shna gens, whose totem is the deer, put deer-skin moccasins 
upon their dead, that they may be recognized by their kindred, and 
not lose their way in the other world. Among the Otoes, when an 
Indian dies, his face is painted in a manner peculiar to his gens, by 
one having the hereditary right to perform this act, who says to 
the dead : *^ In life you were with those you have now left behind. 
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Go forward I Do DOt look back? You have met death. Those yoa 
have left will come to you." 

The ancient chiefs, who " first took upon themselves the author- 
ity to govern the people," are still active, and through the rituals 
chanted at the installation of tribal officials, as through a medium, 
they continue to exercise their functions and to confer authority on 
their successors. The rituals call upon the animals which had su- 
pernaturally appeared to the first rulers, " The Crow, with frayed 
neck feathers ; The Wolf, with tail blown to one side ;" and they 
appeal to both chiefs and animals to remember their promise, and 
to continue to guide the people into safety and plenty through their 
successor now being ordained. 

The Legend of the Sacred Pole of the Omahas, handed down 
from generations, gives a rapid history of the people from the time 
when " they opened their eyes and beheld the day," to the com- 
pleted organization of the tribe, and the institution of the rites of 
the Sacred Pole. From it we learn, that changes in the daily life 
and material progress of the people did not come about through 
miraculous intei-vention, but through the mind of their wise men ; 
and that every step in the path of progress was the result of 
'* thought." *' And the people thought," is the constant prelude to 
every betterment or invention. By *' thought " they learned how to 
make fire, to build lodges, to weave, and finally to institute relig- 
ious rites and ceremonies. 

To quote from this Legend : " The people felt themselves weak 
and poor. Then the old men gathered together and said ; Let us 
make our children cry to Wa-kan-da. ... So all the parents took 
their children, covered their faces with soft clay, and sent them 
forth to lonely places . . . The old men said You shall go forth to 
cry to Wa-kan-da. . . . When on the hills, you shall not ask for 
any particular thing, . . . whatever is good, that may Wakan-da 
give. . . . Four days and nights upon the hills, the youth shall 
pray, crying, and when he stops, shall wipe his tears with the palms 
of his hands, lift his wet hands to heaven, then lay them on the 
earth. . . . This was the people's first appeal to Wa-kan-da. Since 
that time, twice in the year, ... in the spring . . . and when 
the grass is yellow, . . . this prayer is said." 

A study of this practice, as still found among the tribes, shows 
that the youth, who uttered his pmyer during days and nights of 
fasting, was not only asking help from Wa-kan-da, but was seek- 
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ing a manifestation, in a vision, of that mysterious power. The 
form of this manifestation which should come to him, he believed 
to be that to which he must appeal when in need of help. The sym- 
bol of this form, which the youth ever after carried with him, did 
not in itself possess the ability to help, but served as a credential, 
by which the youth reminded the manifestation, be it of bird or 
beast, of the promise believed to have been received from it in the 
vision. 

The dream and the vision were not the same, the dream of sleep 
came unsought in a natural way, while the manner in which the 
vision was striven for, indicates an attempt to set aside and over- 
ride natural conditions. The natural dream has exercised an in- 
fluence in many ways, but it has not had the constructive force of 
the vision. 

The cry to Wa-kan-da was the outcome of " thought " during the 
long barren period of primitive life. Whither this "thought" 
had tended we have seen in its culmination in the ideas that all 
things were animated by the same continuous life, and were re- 
lated to each other. These generalizing ideas were not strictly in 
accord with the evidence of man's senses. The Indian could not 
help seeing the unmistakable difference between himself and all other 
objects. Nor could he help knowing that it was impossible for him 
to hold communication, as between man and man, with the animals, 
the Thunder, etc. The ancient thinkers and leaders met this diffi- 
culty by the rite of the vision, with its peculiar preparation. The 
youth was directed to strip off all decoration, to wear the scanti- 
est of clothing, tq deny his social instincts, and to go alone upon 
the hills, or into the depths of the forests ; he was to weep as he 
chanted his prayer, and await the failing of his bodily strength, and 
the coming of the vision. In this vision he saw familiar things 
under such new conditions, that communication with them was pos- 
sible; and his belief in the reality of his vision could not but 
reconcile the animistic idea with the normal evidence of the senses. 

The psychological conditions favorable to a belief in the visions, 
and the ethical influence of the rite of fasting, in its results upon 
tlie individual and upon society, cannot be considered here, but the 
constructive power exercised by the religious societies, which had 
their rise in the vision, claims a moment's attention, as pertinent to 
our subject. 

From the Legend already quoted, as well as from customs still 
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existing in these tribes, we learn that men who had had similar vis- 
ions became affiliated into groups or societies, and acknowledged a 
sort of kinship, on the basis of like visions. For instance, those 
who had seen the Bear, or the Elk, formed the Bear or the Elk so- 
ciety, and those to whom had appeared the Water Creatures, or 
the Thunder Beings, were gathered into similarly defined groups. 
Within these societies grew up an orderly arrangement or classi- 
fication of the membership, the institution of initiatory rites, a pre- 
scribed ritual, and the appointment of officers. 

An important stage in the secular organization of the people was 
reached when the acceptance of Leaders — '* men who took upon 
themselves the authority to govern and to preserve order " — came to 
pass. It would seem, from the evidence of traditions and rituals, 
that the establishment of these Leaders, which implied the segrega- 
tion of the people into groups of followers, was of slow growth, and 
attended with rivalries and warfare. During this formative period, 
the early Leaders appear to have used the popular belief in the 
supernatural to strengthen their authority, so that they came to 
be regarded as specially endowed, and the efficacy of their vision 
was thought to extend over all their followers. In this way the 
symbol of the Leader's vision grew to be recognized as sacred to 
his kindred, and was finally adopted as the sign or totem of a com- 
mon kinship or clan. This being accomplished, the taboo was 
instituted as a simple and effectual reminder of the totem of the 
Leader, and of the mutual obligations and relations of the members 
of the clan, which were further emphasized by the adoption of a set 
of names for each clan, all of which referred to its totem. Among 
the Omahas and Ponkas these names are called ni-ki-a, that is, 
spoken by a chief. In the ni-ki-a name, and the ceremonies at- 
tending its bestowal, there is a twofold recognition, that of a natural 
ancestor, and that of the supernatural manifestation of this ances- 
tor's vision. We have already seen a similar acknowledgment of 
a dual source of authority, where, in the rituals, the chiefs, and the 
animals of their visions, are both invoked. 

In the clan organization, the totem came to be representative 
preeminently of kinship ; and its sign, as we have noted, was placed 
upon the dead, that they might be recognized by their kindred in 
the other world, and led directly to their clan. The function of 
the totem was social, rather than individual ; the Indian depended 
for his personal supernatural help upon his own special vision, and 
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his clan totem in no way interfered with his entrance into any re- 
ligious society. 

The resemblance which exists between the rites and rituals of 
the religious societies, and those which hedge about the office of 
Chief, and Soldier, and Herald, marks the influence the societies 
have exercised upon the development of the tribal structure. 

The control of the Thunder people runs like a thread through 
all the tribes of the Siouan group. The character of their vision 
was such as easily to win popular recognition as preeminently au- 
thoritative, and they seem to have been singularly dominant from the 
earliest time.' 

The Thunder gentes had charge of, or took an important part in, all 
ceremonies which pertained to the preservation of tribal autonomy. 
To them belonged the rituals and the ceremonies whicli inducted the 
child into its rights within the gens and the tribe ; the adoption of 
captives and strangers ; and the ceremonial preparation of the tribal 
pipes, without which there could be no tribal ceremony or enforce- 
ment of order. They had charge also of the rites for the preser- 
vation of crops from the devastation of insects and marauders. 
These were some of the exclusive functions of the Thunder gentes ; 
but the rites of the worship of Thunder itself, and the ceremonies 
pertaining to war, of which Thunder was the god, so to speak, were 
in charge of other than the Thunder gentes. 

In the Omaha tribe the Sacred Tent of War was set apart for 
the rites and ceremonies connected with Thunder. It was pitched 
in front of the segment of the tribal circle occupied by the We-jin- 
slite gens, its Keeper. It stood apart as a special lodge, and was 
regarded with awe by the people. In it were kept the Sacred Shell 
(a large Unio alatua) ; the Wa-in (a bird-shaped bundle made of 
raw hide, containing the skins of certain birds believed to be as- 
sociated with Thunder) ; the Pipes used in the ceremonies of war ; 
and a Pole of cedar. 

In tlie myths, the cedar tree is spoken of as the particular abode 
of the Thunder Birds. The Thunder Beings had their village amid 
a forest of cedars, and the club of these mythical beings was of 

> The members of the Thunder society claim that, at death, they join the Thunder 
Beings, althoagh they do not thereby lose their kinship rights in their clan in the other 
world, but an Indian born Into a Thunder gens, could not at his death join the Thun- 
der Beings, unless they had appeared to him in his vision. The people believed that 
the voices of noted Thunder men who were dead could be heard in the mutterlngs of 
the approaching storm. 
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the same tree. Cedar leaves were put upon the War Pipe after it 
was filled, so that when it was lighted, it was the aromatic smoke 
of the cedar that was offered to the Four Directions, the Zenith, 
and the Nadir. The cedar Pole, representative of Thunder, was 
called Wa-ghdhe ghe, which means the power to confer honors 
This name refers to the custom which prescribed that all war par- 
ties should start from this Sacred Tent and on their return report 
to it ; and that all honors, namely, the right to wear certain rega- 
lia indicative of a man's prowess in battle, should be ceremonially 
conferred in this Tent.^ 

The vital point, in the ceremony of conferring honors, was 
when the warrior, standing before the Wain, and reciting his 
deeds of battle, at a sign from the Keeper, dropped a small 
stick upon the bundle. If the stick rested thereon, it was be- 
lieved to be held by the Birds, who thus attested to the tnith of 
the warrior's claims. If it rolled off upon the ground, it was the 
Birds who discarded it, because the man had spoken falsely. 
These Birds, representatives of Thunder, were the judges of a 
man's truthfulness, and rewarded him by honors, or punished him 
by disaster, even to the tearing out of his tongue by a lightning 
stroke. 

Naturally in course of time, those warrior chiefs who by favor 
of Thunder had been successful in war, whose truthfulness had 
been attested by the Thunder Birds, and who had received theif 
regalia, began to assume for themselves some of the authority, 
conceded by all to Thunder itself. A song belonging to a Dakota 
chief says, "When 1 speak, it is Thunder." Gradually the exer- 
cise of the punishing power was extended to social offences ; as, 
for instance, a man whose persistent evil conduct threatened the 
internal peace of the gens or tribe, might suffer loss of property 
or even of life, his fate being determined by the warrior chiefs 
assembled at the Sacred Tent around the cedar Pole, the repre- 
sentative of the Thunder ; the function of the chiefs thus becom- 
ing augmented by affiliation with the supernatural. 

When the first Thunder was heard in the spring, the ceremonial 
of the worship of Thunder took place at the Sacred Tent. The 

> An these rej^niia, which are frraded In rank, refer to Thunder. In several of the 
tribes these are feathers of certain birds, worn In a particular manner; the peculiar 
painting of a man's face, body, or weapons ; and. as among the Osages, the tattooing 
of the body and arms with lines so drawn that, when the highest rank Is attained, the 
tattooed figure will represent the Thunder bird in outline. 
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Wa-in was opened and the bird skins exposed; the Pipes were 
smoked, the ritual sung, and the cedar Pole anointed. No one 
participated in these rites, except the members of those gentes 
whose totems were believed to be related to Thunder. Some of 
these totems were of creatures predatory in their habits, and 
therefore allied to the destructive lightning ; others, like the eagle 
and the hawk, could soar to the very clouds, while the flying 
swallows heralded the approaching stoim. This fancied kinship 
of their totems was the basis of recognition of a sort of relation- 
ship between the gentes themselves, which became the ground 
upon which these people united in the performance of ceremonies 
directed toward a common object of worship. 

Although important steps had been gained in social develop- 
ment, none of the rites and ceremonies of the Sacred Tent of War 
tended to bind all the gentes together, but the Omaha ceremony of 
the He-di-wa-chi seems to have been adapted to meet this require- 
ment. It is impossible to state as a fact that the He-di-wa-chi 
grew out of the experience of the people during the centuries 
when they were being slowly driven by wars, farther and farther 
from their eastern home ; but, according to traditions preserved 
in the different tribes, it was during this period that group after 
group parted company, and the enfeebled bands became a tempt- 
ing prey to active enemies. Nor was the danger always from 
without; disintegration sometimes resulted from the rivalry of 
ambitious Leaders, and, to quote from the tradition, "the wise 
men thought how they might devise some plan, by which all might 
live and move together and there be no danger of quarrels." 

Many points in its ceremonial indicate that at the time of the 
institution of the Ile-di-wa-chi, the people had entered upon agri- 
cultural pursuits, and were not wholly dominated by those ideas 
which had been ihe controlling power when hunting and war were 
the principal avocations. The He-di-wa-chi took place in the sum- 
mer solstice, or, according to Indian designation, at "the time 
when all the creatures were awake and out." The choice of the 
tree from which the Pole, the central object in this ceremony, was 
to be cut, is significant. It was either the Cottonwood or the 
willow, both remarkably tenacious of life, sending foith shoots 
even when cut down and hacked into posts. In the Indian's 
words describing the time when this ceremony was to take place, 
we catch a glimpse of a shadowy idea of peace, for when dan- 
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ger stalked abroad the animals which were ^^awake" would not 
be ''out" but in hiding; and in the choice of the tree with its 
abounding life, we note the beginning of an apprehension of 
the idea of the conservation of life. This helps us to open 
out and understand the terse and poetic expression of the In- 
dian tradition concerning this ceremony, that "it grew up with 
the corn." The ideas embodied in this festival found their birth 
and growth in the cultivation of the maize, which held the people 
to their fields, preventing their constant wandering after the wild 
animals, and so inaugurating village life, and developing an ap- 
preciation of tribal unity. 

The first act in the preparation of this ceremony was the cut- 
ting, by the Leader having it in charge, of seven cottonwood or 
willow sticks which were stripped of leaves with the exception of 
a small spray at the end thus making a miniature pole. These 
were sent to the chiefs of the seven original gentes who in their 
turn sent out the men of their gentes to cut similar slicks which 
were to be painted red and carried in the great tribal dance about 
the Pole. 

While this was being done, the Leader selected runners to rep- 
resent warriors, who were to go out as a scouting party would go 
in search of an enemy, and when they found the tree which was to 
be cut for the Pole, they were to charge upon it and strike it as 
they would strike a foe. In this ceremony of selection where war 
is so simulated, the recognition of the power and authority of 
Thunder is manifest, for no man could become a warrior except 
through his consecration to Thunder, the god of war. Moreover, it 
was believed that no man could fall in battle through human agency 
alone ; he fell because Thunder had designated him to fall. So the 
tree, which had been struck as a foe, fell because Thunder had 
selected it. The tree thus chosen was now approached by the 
Leader who said, " I have come for you that you may see the 
people, who are beautiful to behold." Then with elaborate cere- 
monies, in which the Four Directions were recognized, the tree was 
cut down; the bark and branches, all but a tuft at the top, were 
removed and buried at the foot of the stump, and the Pole, with 
much ceremony, was carried to the camp, where it was painted by 
the Leader in alternate bands of red and black, symbolic of Life 
and of Thunder. When this was done the Leader said, **It is 
finished, raise him up that your Grandfather (i. 6., Thunder) may 
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see him."^ The Pole then, being placed in position in a hole pre- 
pared for it, stood before the people as approved by the ancient 
Thunder Beings. Then the Herald went forth to call the people to 
make ready to welcome the Pole with dancing and gifts. 

Now the camp is astir with preparation ; every one dons his gala 
dress and hastens to take his place with his gens in the tribal 
order, forming an immense circle around the Pole. The singers, 
seated at the foot of the Pole, strike up the Orst of the ritual 
songs ; at its close the war cry is given by all the people, who then 
advance a short distance and halt. Four times the song is sung, 
four times the cry is given, four times the people advance and halt, 
and at the last pause they are near the Pole. At this point the 
men of the In-ke-tha-ba gens, led by two pipe bearers, face about 
to the west, their right side to the Pole, and the women face to the 
east, with their left to the Pole. Each of the other gentes falls 
into like order behind the In-ke-tha ba men and women, and when 
the second ritual song is begun, the entire double circle begins to 
dance around the Pole. During the dance four halts are made, and 
at these halts if any dancer has passed beyond the line of his gens, 
he must return to it. The songs become more and more rapid in 
measure, and the dance fuller of mirth and gaiety. At the close 
of the ceremony the men, women and children throw their sticks 
at the foot of the i*ole, to which they are tied and left for the sun 
and wind to dispose of. 

The manner in which the Pole was approached by the whole 
people in the order of the tribal circle, with war cry and charge, 
was a recognition of the victories gained through the war-god 
Thunder. The entire ceremony was a dramatic teaching to old 
and young of the necessity of union not only for defence, but for 
the preservation of internal peace and order, in the security of 
which, industry might thrive and prosperity be within the reach of 
all. 

The He-di-wachi, all the details of which cannot here be de- 
scribed, is a festival of joy ; the words of the opening song are, 
"Come and rejoice !" The whole scene vibrates with color and 
motion ; there is no hint of sacrifice, the Thunder selected tree is 
a symbol of Life, held in the fruitful grasp of the earth, and 
touched by the beneficent rays of the sun. 

* These words, In the original, are of the nature of an Inyooatlon and consecration. 
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The so-called San-Dance of the Dakotas and Ponkas seems to 
have sprung from the same parent stem that bore the He-di-wa- 
chi; but it shows marks of the influence of tribal environment 
during the past few centuries, as well as traces of contact with 
other stocks. For a considerable period prior to our first knowl- 
edge of the Dakotas, these tribes had dwelt in the most northern 
range of the Siouan linguistic stock, and had almost lost their 
knowledge of the cultivation of coin. Omaha traditions say, that 
their own tribe turned back from the region where the Dakotas 
were when first discovered by us, because corn would not grow 
well there, and they sought sites for their villages farther south 
where they could raise the maize in large and unfailing crops. 

The SuD-Dance and the He-di-wa-chi have fundamental features 
in common. They take place at the same time of the year ; bolh 
Poles are cut from the cottonwood or the willow tree ; the cere- 
monies attending the cutting and planting and decorating the 
Poles are practically the same, differing only in the elaboration of 
detail. Both are consecrated by and to Thunder, and about both, 
the tribe must gather in the order of the gentes. The special 
rites of the Sun-Dance are performed within a communal taber- 
nacle erected about the Pole. It is made of one or more poles 
gathered from the tent of each family in the tribe, and covei-ed 
with green branches. It represents the living branches of the 
tree, as well as the great congregation of the people, whose tents 
enclose it in a circle often more than a mile in circumference. 

The elaborate character of this ceremony precludes the mention 
of any of its parts, except those which pertain to the subject of 
this paper. 

The symbol placed upon the buffalo skull, and drawn upon the 
U-ma-ni — a space of ground from which the sod had been re- 
moved, and the earth made fine— is a circle with four projecting 
points equidistant from each other. This symbol, to quote from 
Dakota Indians who had been instructed in this ceremony, ''repre- 
sents the tribe and the Four Directions. It means that, wher- 
ever the tribe may travel, it will be kept whole. Its circle of 
tents will not be broken, the members of the tribe shall live long 
and increase. The symbol also stands for the earth, and the un- 
seen winds that come from the Four Directions, and cross over 
the earth and bring health and strength." The people were told, 
that, **as long as they observed the ceremony, they would increase 
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and grow strong, but if they should neglect the rite, they would 
decrease in numbers, lose their strength, and be overpowered by 
their enemies." 

The dramatic character of the adjuncts of self sacrifice and 
torture has diverted the attention of observers from the true pur- 
pose of the Sun- Dance, which has been clouded in the minds of 
the people themselves, but has not been lost sight of by the In- 
dian priests, who still insist that the ceremony is necessary to the 
preservation of the people as a tribe. 

The torture practised at the Pole seems to be a transference to 
this ceremony of the ancient rite known as Hanm-de-pi, where the 
man suspends himself, while seeking a vision through fasting ; or 
when, fixing his mind upon a particular desire, he expects through 
torture to render its accomplishment certain. Even in the Uanm- 
de-pi, there are indications of foreign influence which tended not 
only to keep alive, but to intensify the more primitive forms con- 
nected with Thunder worship, — forms which had almost died out 
in the more southern tribes, surviving only in certain modified 
rites observed in mourning for the dead, and the leading of a war 
party. 

In the absence of agricultural avocations and their attendant 
com ceremonies, the belief that the Pole was selected and conse- 
crated by Thunder came to be more and more pronounced, as is * 
indicated by the fact that the Thunder men only could take charge 
of the Sun- Dance, whereas, in the He-di-wa-chi it was the red 
com people who were the Keepers of the ritual and Leaders of 
the ceremony. It is easy to see how, through the influence of 
Thunder, originally represented in the consecration of the Pole 
and augmented by the dominance of the Thunder men, the tor- 
ture rites came to be grafted upon a ceremony, which, owing to 
environment, had lost something of its early significance. 

When witnessing the Sun-Dance, its composite character was 
impressed upon me, and the lack of unity between the parts was 
evident. Further study has shown how different rites have been 
united, and what are some of the influences which have brought 
about this grouping. 

The Dah-pi-ke or Nah-pi-ke of the Hidatsas resembles the Sun- 
Dance. It takes place at the same season of the year. The 
Cottonwood Pole is selected and cat with similar ceremonies; 
about it the communal tabernacle of willow boughs is erected, 
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and all the people must gather to the rites. Like the Sun-Dance, 
it bears evidence of the same influences, which have overlaid a 
tribal ceremony "that grew up with the corn," with those other 
rites wherein self-torture was practised. 

As in the He-di-wa-chi, the tree or Pole of the Sun-Dance, and 
of the Dah-pi-ke, is left at the close of the ceremony to the de- 
struction of the elements, or powers, to which, in the mind of the 
people, it belonged. 

In the Sacred Pole of the Omaha tribe, we have another off- 
shoot from the same parent stem, lulls rites, however, the fun- 
damental ideas embodied in the ceremonies already considered, 
have been still further developed and specialized. The selection 
of the Pole, its cutting, decoration, etc., the season when its cere- 
monies took place, and the compulsory attendance of the people, 
were all practically the same as in the He-di-wa-chi, the Sun- 
Dance, and the Dahpi-ke. 

In a paper read before this Section last year, the Sacred Pole 
was described. Your attention at this time will be called only to 
its peculiar function in reference to the tribal autonomy. 

A tradition in the tribe says : ^'At one time the seven original 
bands wandered about independent of each other ; each band had a 
pipe and a leader. The Hun-ga gens thought, that if this continued 
there would be feuds between the bands. . . So the Sacred Pole 
was made, around which the different bands might gather. The 
seven chiefs were called together, and they all united and have 
been so ever since." The Legend corroborates the tradition, for 
it says ; "The ceremonies of the Sacred Pole were devised to hold 
the people together." 

The institution of the Sacred Pole marked a political change in 
the tribe, from the government by hereditary chieftains to an oli- 
garchy of seven chiefs who attained their position by personal 
ability to perform certain deeds, called Wa-dhin-e-dhe. The name 
of the old cedar Pole of the Sacred Tent of War, Wa-ghdhe-ghe, 
which as we have seen meant "the power to bestow honors," was 
given to the new Sacred Pole, which became the fount of honors 
won in peace, for the Wa-dhinedhe were not deeds of war; 
for their achievement, industry and accumulation of property, as 
well as valor were required. So also, whereas the honors, bestowed 
in the Sacred Tent of War, were worn by the warrior himself, 
or tattooed upon his own body, the ghdhe-ghe, or mark of honor 
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authorized by the power represented in the Sacred Pole, was 
placed upon the daughter of the successful aspirant, the woman 
being the industrial factor in the tribe. The mark of honor con- 
sisted of two symbols : upon the forehead of the girl was tattooed 
a small round spot representing the sun, and upon her chest and 
back, a circle with four equidistant points ; the same symbol that 
was made upon the earth and the buffalo skull in the Sun-Dance, 
and bearing the same idea, of strength in unity. 

The seven chiefs who formed the oligarchy must act as one 
man, for without unanimity in their councils nothing could be 
done. In their decisions all the seven men must be alike repre- 
sented, and the resultant unity was believed to be derived from 
Wa-kan-da, present in and acting through the mysterious Sacred 
Pole. To quote from the Legend: "The chiefs are slow to 
speak, ... no word is without meaning, and every word is uttered 
in soberness, . • . believing the words come from Wa-kan-da, so 
the words of a chief are few. They (the seven chiefs) have all one 
heart and one mouth . . . After a question is decided, the Herald 
proclaims it about the camp circle, . . . none of the people dare 
dispute it, for they say, It is the word of our Chiefs." 

The two avocations upon which the life of the people depended 
were agriculture and hunting, and these were controlled by the 
ceremonies of the Sacred Pole. From the Pole was decided the 
time for planting the corn, and about it the ritual of the maize 
was sung. The great tribal hunt was under its immediate direc- 
tion, the rules and regulations of which were an important part of 
its function. On this annual hunt, the people left their village 
and their fields in the care of a small guard and followed the 
herds, under the strict control of the Chiefs and of a body of 
men called Soldiers. During the entire time, two months or more, 
the rigiits and inclinations of the individual were held rigidly sub- 
ordinate to the good of the tribe. The Sacred Pole was carried 
in advance of the people, as they moved from camp to camp. 
From its presence the runners went forth in search of the buffalo, 
and to it they reported upon their return. At the close of the 
hunt, the ceremony of thanksgiving and anointing tlie Pole took 
place, when the entire tribe gathered about this central object, 
erecting a communal tent for some of the particular ceremonies 
and offering gifts. Finally, the men enacted before it the events 
of their career, thus presenting a sort of dramatic current history 
of the tribe. 
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At the inaugaration of the Pole and its ceremonies, to quote 
from the Legend : "The Leader said, this (the Pole) belongs to 
all the people, but it shall be in the keeping of one family." For 
over two centuries this Sacred Pole was preserved, and its tent 
was pitched a short distance in front of the segment of the tribal 
circle occupied by a subdivision of the Hun-ga gens, its Keepers. 
It was regarded with fear and reverence, as the supernatural pro- 
tector of the people, as the power that insured to them an 
abundant supply of food, and commanded the coordination of 
the gentes and the unification of the authority of the Chiefs. 

In all these rapidly considered ceremonies, marking peiiods in 
social development of this group of tribes— development more or 
less modified by shifting environments — ^we note the constructive 
force of the religious ideas of the people : ideas which, repre- 
sented by the word Wa-kan-da and its kindred terms, imply the 
existence of an ever active, mysterious power, permeating all na- 
ture including mankind, with the same life, thus making all 
things related and anthropomorphic. We have seen how these 
generalizing ideas become concrete, through the medium of the 
vision, and capable of exercising a practical, formative influence. 
We have traced this practical, formative influence in the unifying 
power of the totem, which welds together an extended though 
partial kinship within the clan or gens. We have seen it also 
operative in the religious societies, where an indestructible bond 
holds the members together upon a basis other than that of blood 
relationship. The same influence has been found at work in the 
association of certain clans for a common worship, the tie of 
their association being a supposed relationship of their separate 
totems to Thunder, the object of their worship. We note also 
that the authority of Thunder was still fui*ther extended so as to 
embrace the entire tribe, inasmuch as every man was brought 
under its control through the rites and ceremonies connected with 
war. Furthermore, we discern that out of the ancient ceremonies 
connected with Thunder, wherein primarily the cedar tree was the 
mythical abode of the mystical Thunder Beings, and later, the 
cedar Pole stood as emblematic of their power and authority, 
were evolved the ceremonies that made use of the old symbols, 
but clothed them with ideas bom of newer conditions. 

In the He-di wa-chi has been found preserved the outline of one 
of the simplest and probably oldest ceremonies instituted to draw 
the people together and unite them into an organized body. And 
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it is apparent that the Sun- Dance, the Dah-pi-ke, and the Omaha 
Sacred Pole, from the same root, kept the same fundamental aim 
in view, performing their ceremonies about the same central ob- 
ject, the tree or Pole, selected and consecrated by the all-powerful 
Thunder, recognized as the judge and rewarder of all the people. 
We have seen the Chiefs summoned to the He-di-wa-chi by a tree 
stick, sent from the Keeper of the ceremony, each Chief in turn 
sending forth the men of his gens to gather each man sticks for 
himself and family, and all the people assembled and dancing 
about the Pole by gentes, each one caiTying his stick, which at the 
end of the ceremony was given back to the Pole. A simple object 
lesson : to teach that the tribe was, like the tree, animated by the 
supernatural mysterious power ; and that the Chiefs were its strong 
limbs, upon which the smaller branches grew. 

In the Sacred Pole ceremonies, the constructive idea was still 
further developed, until not only unity of gentes was required, but 
unity of authority among the Chiefs was enforced. This unity, 
whether as demanded in the enunciations of the chiefs, or, as neces- 
sary to the formation of the tribe, to the instituting of the relig- 
ious societies, or to the development of the clan, depended upon 
the conception of Wa-kan-da, as manifested in concrete form 
through the medium of the Vision. The ancient tliinkers among 
the Siouan people, in the long centuries of an unknown past, came 
gradually to realize the helpfulness and power that lay in social 
unity. Out of this realization these ceremonies were slowly 
evolved, wherein the Pole, bearino; the topmost branches of the 
living tree, stood in the midst of the assembled people, as an em- 
blem of the presence and authority of Thunder, the universally 
accepted manifestation of Wa-kanda, and also, in its life and 
growth, as typical of tribal unity and strength. 



PAPERS READ. 



TuBSDAT, August 26. 
Topic of the day — Archjbolooy. 

Result of rbobnt oatb bzploration iir the Eastern United States. By 
Hehbt C. Merceb, Dojlestown, Pa. 

Stmbouc B0CK8 OF Btfield AND Nbwburt, Mass. By Ret. Horacb C. 
HoTBT, Newburyport, Mass. 

A CBBBMOHIAL FLINT IMPLEMENT AND ITS USE AMONG THE ANCIENT TRIBES OF 

Tennessee. By Oen. Gates P. Thbuston, Nashville, Tenn. 

Ah ANALYSIS OF THE DBOOEATION UPON POTTBRT FROM THE MISSISSIPPI 

Valley. By C. C. Willoughby, Peabody Museum, Cambridge, Mass. 

SoMB Indian bock and body painting in Southebn Califobnia. By 
Datid p. Babbows, Claremont, Cal. 

Human bblics fbom thb Dbift of Ohio. By Prof. B. W. Claypolb, 
Akron, Ohio. 

Fbesh geological bvidbncb of glacial man at Trenton, New Jebsby. 
By Prof. G. Fbedbbick Weight, Oberlin, Ohio. (Published in the Ameri- 
can NcUuralist.) 

Recent Explobations in Hondubas by the Peabody Museum. By Prof. 
F. W. Putnam, Peabody Museum, Cambridge, Mass. (Published in Me- 
moirs of the Peabody Museum.) 

Bbief descbiption of the pbbhistorig buins of Tzac Pokoma, Guatb- 
MALA. By Hon. John Rice Chandleb, Guatemala, C. A. 

The buins of the tbmplb of Tbpoztlan. By Mabshall H. Sayille, 
Amer. Mus. of Nat. Hist., New York City. (Published in Bulletin of Ameri- 
can Museum of Natural History,) 

The pbesbbtation of local abchjsological btidence. By Hablan I. 
Smith, Amer. Museum of Nat. Hist., New York City. 

Wbdnesdat, August 26. 

Topic of the day — Ethnology. 

Clan system of the Pueblos. By F. W. Hodge. 

The psychic soubcb of myths. By Dr. Daniel Q. Bbinton, University of 
PennsylTania, Philadelphia, Pa. 
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Okokdaoo OAMB8. By Key. W. M. Bkauchamp. BaldwinsviUe, N. Y. 

KOOTBNAT InDIAW NAMB8 OF IMPLBKEKT8 AND INSTBUMBKTS. Bt Dt. A. F. 

Chambbblaik, Clark University, Worcester, Mass. 

Mbanino of the namb Manhattan. By Wm. Wallace Tookbb, Sag 
Harbor, N. Y. 

KooTBNAT Indian place nambs. By Dr. A. F. Chamberlain, Clark Univer- 
sity, Worcester, Mass. 

Indian wampum records. By Dr. Hobatio Halb, Clinton, Ontario. 

Sbri 8TONB ART. By Dr. W. J. McGbb, Bureau of Ethnology, Washington, 

The beginning of zoOcultubb. By Dr. W. J. MoGbb, Bureau of Ethnol- 
ogy, Washington, D. C. 

Cbbtain shamanistig cbrbmonibb among the Ojibwats. By Hablan L 
Smith, Amer. Museum of Nat. Hist., New York City. 

Recent discoveribb and discusmons as to ptgmt bacbs. By R. G. Hali- 
burton, care of Cunard Co., Boston, Mass. 

Mescal plant and rite. By James Moonet, Bureau of Ethnology, Wash- 
ington, D. C. 

Finland vapor baths. By H. W. Smith. 

Resolution upon the appointment of a gommittbb to bbpoet on « The 
ethnography of i?hb White Raob in the United Statbs." By Dr. 
Daniel G. Brinton, University of Pennsylvania. 

Tbursdat, August 27. 

Topics of the day — Somatology and Psychology. 

Anthropometry of the Shoshone Indians. By Dr. Franz Boas, Amer. 
Museum of Nat. Hist., New York City. 

Physical and mental mbasurembnts of students of Columbia Univbb- 
8ITT. By Dr. J. McKben Cattell, Columbia University, New York City. 

The theological development of onb child. By Fanmib D. Bbroen, 
Cambridge, Mass. 

NOT>« ON OBBTXIH BBLUn OOMOBBKIKG WIM. POWM AKOKO TH> SlOUAK 

TRIBB8. By Alio. C. Fwtoh.ii, Peabody Muaeum, Cambridge, M«m. 
( riiw paper waa printed for private distribution by the author.) 
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Friday, August 28. 

Topic of the day — Gbnbhal Anthropoloot. 

Character and food. By Rev. Gborob V. Rxighbl, Brockport, N. Y. 

Aboriginal occupation ov Nbw York. By Rev. W. M. BeauohamPp Bald- 
winsTille, N. Y. 

Thb limitations of thb anthbopolooio mbthod. By Dr. Franz Boas, 
Amer. Museum of Nat Hist, New York City. 

• NoTB. — The arrangement of titles in this Section is the same as given in the 
Preliminary Programme of the Section. Several papers were read out of the 
regular order, the authors not being present when the papers were first called. 

The Section adjourned Friday evening, August 28. 



RESOLUTIONS OF SECTION H. 

At the first regular session of the Section the following resolu- 
tion was offered by W. J. McGeb on behalf of the Sectional 
Committee : — 

^' Whereas^ This Section, the Association, the nation, and the 
scientific world have sustained an immeasurable loss in the death 
of JoRN G. BouRKE, scicutist and soldier, and 

*' Whereas y The loss is peculiarly painful in the Section of Anthro- 
pology, to which he brought honor, long as a working member and 
later as Secretary ; therefore, 

^^ Resolved^ that this Section here assembled join in an expression 
of grief for the death, and of i-everence for the memory, of our asso- 
ciate and friend." 

A memorial of Capt. Bourke by his friend and collaborator. Dr. 
Washington Matthews, was read by Dr. Brinton ; and remarks 
of esteem and appreciation for the work and character of Capt. 
Bourke were made by Prof. Putnam, Prof. Perkins, and Miss 
Fletcher. 

The resolution was adopted by a rising vote. 



On Wednesday, August 26, by recommendation of the Sectional 
Committee, a Committee was appointed "For the purpose of ad- 
vancing an acquaintance with the objects of Section H among 
both members and non-members." The members of this Committee 
are : J. McKeen Cattell, D. G. Brinton, and Franz Boas. 



The following resolution was presented by D. G. Brinton : — 
*' TFTi^eotf, the influence which the environment of the New 
World has exerted upon the physical and mental development of 
the White Race is a question of the utmost scientific and practical 
importance, and 
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" Whereas, There appears to be no governmental or scientific 
bureau which is giving the subject attention at the present time, 
therefore, 

" Resolved^ That the American Association for the Advancement 
of Science appoint a Committee to organize an Ethnographical In- 
vestigation of the White Race in the United States, with special 
reference to the influence exerted upon it in its new surroundings, 
said Committee to report annuall}'." 

This resolution was adopted by the Section, and passed by the 
Council, and the following Committee was appointed: D. G. 
Bbinton, J. McEeen Cattell, W. W. Newell, W. J. McGee, 
and Franz Boas. 



On Thursda}^ the following resolution was presented by Mr. 
McGee for the Sectional Committee : — 

" Whereas^ Horatio Hale, long an active member and at one 
time a Vice-President of this Association, has made contributions to 
Ethnology and Philology entitling him to a place in the front ranks 
of American Anthropologists, and 

'^ Whereas^ It seems fitting that Mr. Hale's long and arduous 
labors in behalf of science should be recognized by the American 
Association for the Advancement of Science ; therefore, 

^^ Resolved, That Section H recommend to the Council that Mr. 
Hale be made a Life Fellow of this Association.'' 

This was adopted by the Section, and passed by the Council, and 
Mr. Hale was made a Life Fellow. 
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HORTICULTURE AND HEALTH. 



I SHOULD be lacking in ordinary sensibility did I not appreciate 
the compliment of being elected Vice-President of Section I of 
the American Association for the Advancement of Science. 

To be called to this office in an association that has for years 
stood for the scientific thought and scientific progress of this 
continent, — an association whose list of officers and members has 
contained the names of some of the most distinguished men and 
women of our time, — an association whose proceedings are an 
index of the marvellous advances made by scientific research 
during the latter half of the nineteenth century, — is truly an 
honor that any man or woman might covet. 

Since accepting the honor, there are two words that have 
appealed to me with equal force and signal persistency. 

These words are responsibility and opportunity. The former I 
have tried to discharge in an earnest effort to secure papers, and 
an'ange an equally interesting and profitable program for this 
sectional meeting, and the latter I try to meet in the address 
which follows. 

This year the title of Section I is changed, and its scope en- 
larged. It is no longer the Section of Economic Science and 
Statistics, but the Section of Social and Economic Science. 

This change was precipitated by a series of resolutions pre- 
sented before the Brooklyn meeting of 1894. The purport of 
the resolutions was, that inasmuch as the stated object no less 
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than the true function of the American Association is to promote 
the advancement of all science^ including the science of society, 
it was in duty bound to aid and assist all desirable reforms, to the 
end that the progress of modern society, by the application of 
scientific principle^ and methods, might be advanced, and its 
perpetuity insured. 

At the same meeting an amendment to the Constitution was 
proposed, which changed the name, as already stated, and so 
enlarged the field as to include all those branches of knowledge 
which deal with the political, commercial, economic, and social 
life of mankind. This amendment was adopted at the Spring- 
field meeting of last year, and we now meet for the first time 
as a section of social and economic science. Permit me to add, 
that, in my judgment, the all-inclusive term '' social science" 
would have been sufficient, for the word " economic" only defines 
a branch of the larger science already named. 

We live in an era of reforms. At first, man was a reformer by 
primal necessity. He transformed or reformed nature to meet his 
bodily wants. His life was a mere struggle for existence. 

In time he turned his eyes inward, and studied himself. He 
first dimly saw that there were higher ends and nobler purposes 
than mere sensual enjoyment. He slowly learned that his pas- 
sions and appetites were created to serve and sustain, not to 
master and destroy. 

Then turning his eyes outward, and scanning his relation to 
others, he found, not justice, much less love and good will, but 
necessity on the one hand, and advantage on the other, controlled 
the dealings of man with man. He met no recognition of the 
brotherhood of the human race. But progress is a law of our 
being, and we have now reached a point where ethical laws are 
being applied to practical life. 

To this end are the various special reforms of this day and 
generation mainly directed. There are reforms in church and 
state polity, reforms in municipal government, educational 
reforms, prison reforms, dress reforms, reforms in eating and 
drinking, and numerous other special reform movements, which 
challenge our attention. 

What the true, genuine reform spirit of our age is seeking to 
establish is the equality of human rights ; an equality that disre- 
gards all disparities of race, sex, or color, of strength, knowl- 
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edge, or creed ; an equality that is plainly and tersely expressed 
in the Declaration of Independence: — 

'' We hold these truths to be self-eyident : that all men are created equal ; 
that they are endowed by their Creator with certain unalienable rights ; that 
among these are life, liberty, and the pursuit of happiness." 

As a people we may be selfish, short-sighted, and sinful, yet 
there is a strong undercurrent of moral obligation to live for the 
highest good of humanity, to co-operate with that " power 
which makes for righteousness." 

Through all the folly and evils of our time there comes to 
every discerning ear a voice which speaks to us in no uncertain 
tone. Its message is this : teach the child and you will not be 
obliged to hang the man; find the vagrant orphan a home, and 
teach him a useful trade, and you will not have to punish him as 
a thief, or watch him as a criminal ; furnish work to all who need 
it, and there will be few to support as tramps, paupers, and 
parasites ; remove temptation from the path of the weak, and you 
will not be obliged to punish them for having stumbled and 
fallen; it is better to counsel than to condemn, — better to lift 
up than to crush down, — better to be shielded by love and grat- 
itude than to be protected by soldiers and police. Thus testifies 
the moral genius of our age. Let us try to understand and 
heed it. 

The great, all-embracing reform of our age and country, one 
that naturally follows the banishment of human chattelhood from 
our soil, — one that is palpably demanded by every instinct of 
justice and humanity, — is that which will lift the industrial classes 
from the plane of servility to one of self-respect, self-guidance, 
and independence. Its object is to lift the laborer, not out of 
labor, but out of ignorance, inefficiency, and want. This great 
end cannot be attained at once, but the development of a truer 
and more profound social and economic science should help to 
pave tlie way. 

The socialist has his dream of an ideal world. He believes it 
possible to have a social and industrial order, wherein all freely 
serve, and all are seived in return ; where no drones or sensualists 
can abide; where education is as free and common as air and 
Bunahine, where nothing but service secures approbation, and 
nothing but merit wins esteem; where mental development and 
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moral culture is the aim, as well as possible attainment of all. 
Is such an order possible? Wliat says social science? 

It may be well to repeat here the question discussed by Vice- 
President Fernow at the last meeting of this Section. 

Have we a social and economic science? Have we enough 
observations, facts, laws, principles, subservient to social and 
economic conditions, — so well arranged and classified as to 
warrant the use of the term science ? I believe we have. Let me 
not be misunderstood. I am not a teacher of such science. I 
rank low in the class of learners. What I know of science as 
applicable to society and economics is slight indeed. Yet I know 
there is such a science, and I believe that each succeeding year 
enlarges, improves, and perfects it. 

If some of the recent applications of this science appear shallow 
and seem almost to partake of the nature of quackery, this should 
not bar the way to our advance to the acquisition and develop- 
ment of a true social and economic science, which shall be 
neither shallow nor empirical. 

In this spirit, and with no little hesitation, I present a few 
thoughts on "Horticulture and Health." 

Ours is an eminently practical age. The energy of our people 
is mainly expended in the production, manufacture, and distribu- 
tion of articles that nourish the body, gratify the senses, or in 
some way contribute to the comfort and convenience of mankind. 

Mind is steadily dominating matter, and this extension of the 
sovereignty of man over the material forces of the earth we call 
civilization. 

The art of horticulture consists primarily in transforming 
by means of cultivation, crude and worthless materials into sub- 
stances valuable as food products, or useful in ministering to 
our love of the beautiful. This raw material is furnished by the 
soil, and such substances as may be added thereto, together with 
certain elements of the air. 

Etymologically speaking, horticulture means the cultivation of 
a garden. The real scope of this definition depends upon the 
meaning of the word garden. According to philology, this word 
comes directly from the Anglo-Saxon gyrdon^ to enclose. It 
is the root of the verb to gird, meaning to encircle. 

Gardening and horticulture, like farming and agriculture, are 
synonymous terms. We should remember, however, that the full 
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scope of the meaning of a word is not determined by its deriva- 
tion. This must be sought in its general use and common appli- 
cation. By this standard horticulture readily separates itself into 
four great divisions, each of which may be many times sub- 
divided. 

These principal divisions are: — 
I. Pomology, or fruit culture. 
n. Olericulture, or vegetable gardening. 

in. Floriculture. 

IV. Landscape-horticulture. 

The first two of the above divisions belong to the realm of 
industrial or domestic art. The third, floriculture, is both an 
industrial and a fine art. While the last, landscape-horticul- 
ture, lies wholly within the province of fine art. 

Horticulture is more than a mere trade. It is more than a 
productive industry. Its successful practice is based upon great 
laws which have been deduced from the natural and physical 
sciences. 

Many of these laws may be arrested, modified, or set in motion 
at will. 

The horticulturist, as he learns that the control of these laws is 
largely in his own hands, becomes an enthusiastic student and 
investigator, and can scarcely fail to develop a love for rural 
life, — a love that is deep and abiding. Horticulture may justly 
rank as a science, as well as an art. Not to speak of the science 
of the propagation of plants, or the science of tillage, the great 
fundamental principles of evolution are exemplified in horticul- 
ture as nowhere else. Over 6,000 species of plants are cultivated 
by the horticulturist, and these have produced almost an infinite 
number of distinct forms. 

In these forms, with their wonderful and intricate variations, 
we can study the laws of genesis, and the master mind of 
Bailey and others are rapidly reducing the wealth of facts found 
in greenhouse, garden, and orchard to the semblance of an 
orderly, systematic, and progressive science. The influence of 
natural and artificial selection, the effect of soil, climate, and 
moisture upon development, the transmission of acquired char- 
acters, the formation of new species, are revealed in horticulture 
as in an open book. Here facts take the place of conjecture, and 
demonstration is substituted for theory. 
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In discassiDg the relation that horticnltare bears to health, not 
physical health alone, but intellectual and spiritual health, have 
been considered. In like manner, the products of horticulture, 
as well as horticulture as a vocation or recreation, are taken into 
account. First, let us consider the effects of the use of our 
common garden and orchard products, as a part of an every-day 
diet. 

There is a great deal of talk about health and diet that is 
equally foolish and hurtful; — foolish because it subserves no 
good end, and hurtful because it tends to fortify the pernicious 
idea that our bodies are in such wretched condition as to need 
constant tinkering, and that some sort of self -medication is a 
positive duty. 

Like malaria, this affection is everywhere. How shall it be 
treated? In the place of this wide-spread delusion there should 
be an inbuilt conviction that there are certain articles known as 
foods, in the choice of which and in the quantity used each one 
has daily opportunity to exercise the virtues of common sense 
and moderation. But foods are not medicines. 

A medicine is something which is taken into the body to pro- 
duce a certain specific and unusual effect, the object being to 
counteract some injurious tendency or abnormal state. If taken 
when not needed, its effect is likely to be directly injurious. In 
order to maintain strength and vigor, and repair waste, the 
normally healthy body craves what is wholesome^ not what is 
medicinal. When a thing has real medicinal value, it is almost 
certain to be unwholesome as a general article of diet. There 
is an old tradition, — even now quite generally believed, although 
gradually fading away, — that anything that affords us simple 
physical pleasure is dangerous, if not absolutely sinful. 

So when one eats freely of fruits, he does not feel justified in 
simply saying he does so because he finds them agreeable, he 
likes and craves them, but is constrained to look wise and sol- 
emnly observe that " fruits are very healthy." Some even go so 
far as the German prince, and have for each bodily ailment a 
different variety of fruit The prince said, " Whenever I meet 
with any misfortune or affliction, and am disposed to give way 
to my grief, I order a young goose nicely roasted, and eat as 
much thereof as I can : I always find that I rise from the table 
far less unhappy." Let us banish the idea of making a drug- 
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Store of our fruit-gardens and orchards, and cease looking upon 
the family fruit-basket as a sort of homoeopathic pill-box ! 

" Blessed are they that hunger and thirst," can be said as truly 
of our bodily wants as of our spiritual necessities : not blessed 
because they shall be medicated, but because '' they shall be 
filled," — filled with what tastes good, with what gives genuine 
and lasting pleasure. 

In satisfying our hunger for fruit, — fruit that is well matured, 
juicy, and fine flavored, — we get perhaps the highest form of 
palate gratification with the least possible digestive effort. 

Our ordinary fruits contain the following substances in greater 
or less proportions : — 

1. A large percentage of ivater. 

2. Sugar^ in the form of grape and fruit sugar. 

3. Free organic dcids^ varying slightly according to the kind 
of fruit For example, the predominating acid is malic in the 
apple, tartaric in the grape, citric in the lemon. 

4. Protein or albuminoids^ substances containing nitrogen, 
which resemble the white of eggs, and are its equivalent in food 
value. 

5. Pectose^ the substance which gives firmness to fruit, and 
which upon boiling yields various fruit jellies. 

6. Cellulose or vegetMe fibre^ the material that forms the cell 
walls, and which is found in all parts of plants. 

7. A very small percentage of ash or mineral salts. 

The substances named above are, with the exception of cellu- 
lose, essential constituents of a perfect diet. The percentages 
of the different nutrients are so small, however, that most of our 
fruit has little actual food value. For example, the nutrients 
contained in the strawberry, according to analyses made at the 
Ohio State University, are as follows : — 

Carbohydrates 8.0 per cent. 

Protein 3 " '* 

Fat " " 

It has been estimated that the minimum daily ration of nutri- 
ents for a man of average weight, performing an ordinary day' s 
work, is: — 

CarbohydrateB 600 grams, or 17.6 ounces. 

Protein 118 " "4.2 " 

Fat 86 " "2.0 " 

A. A. A. S., VOL. XLV. 15 
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A simple calculation will show that a person would have to 
consume about 200 ounces, or 13 pounds, of strawberries daily 
in order to obtain the proper amount of carbohydrates from this 
source. 

In order to secure the necessary amount of protein from the 
same source, a daily consumption of 1400 ounces, or 88 pounds, 
of strawberries would be required. 

This would be a task that even the most ardent admirer of this 
fruit could scarcely be prevailed upon to attempt. Take another 
illustration from the vegetable, rather than the fruit garden. 

The nutrients contained in the tomato are as follows : — 

Carbohydrates 2.5 per cent 

Protein 8 " " 

Fat 4 " " 

Applying the same calculation as before will show that one 
would have to eat 500 ounces, or 31.2 pounds, of tomatoes each 
day for the requisite fat; he would have to eat 525 ounces, or 
32.8 pounds, for the necessary protein, and for the carbohydi*ates 
it would require 704.4 ounces, or about 44 pounds. In other 
words, if one should eat 44 pounds of tomatoes every day, he 
would consume slightly more fat and protein than were absolutely 
necessary for a day*s supply, and just about the right amount of 
carbohydrates. 

This demonstrates that, however valuable strawberries and 
tomatoes may be as a part of an every-day diet, they cannot be 
considered as foods. Their actual nutrient value is exceedingly 
low. In order to support life and maintain strength, straw- 
berries and tomatoes must be eaten in connection with other 
substances which have more concentrated nutrients. Wherein 
does their dietetic value consist? Let us briefly consider. The 
qualities which render fruit and many of the more delicate garden 
vegetables wholesome, and cause us to have a natural appetite 
for and hence to enjoy them, are their acid juiciness and flavor. 
The juice is mainly water, but it comes to us in a grateful and 
refreshing form. The flavor is due in part to the organic acids 
already mentioned, but mainly to certain volatile oils or aromatic 
ethers. It is to these latter that those delicate characteristic 
flavors of various varieties of fruit are chiefly due. 

Chemistry and physiology have taught us that, when these 
" fruity acids," oils, and ethers are taken into the body, they 
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undergo oxidation, which process tends to lower the temperature 
of the blood, or at least to modify our temperature sensations, 
and thus correct, or allay, any slight feverishness that may exist. 
They also tend to keep the organs of secretion, the liver, kid- 
neys, etc., in a healthy condition. We are justified, therefore, in 
saying that fruits are ^^ cooling, aperient, and grateful.** In 
our climate, subject as we are to rapid changes and extremes 
of temperature, passing abruptly, as we often do, from an arctic 
winter to a tropical summer, the physical system is naturally 
more or less debilitated. 

In this condition we are predisposed to malarial troubles, par- 
ticularly if we live where the drainage is poor. Fruits and acid 
vegetables are found to be good correctives for this debilitated 
condition of the system. The free acids of fi*uits, especially 
citric and malic acids, are highly antiseptic bodies. They tend 
to prevent disease germs from finding a lodgment and develop- 
ing in the body. 

The full beneficial effects of these acids are only to be found in 
mature fruits. Green, unripe fruits, although they have an 
abundant supply of acids, are usually injurious, on account of 
their indigestibility. This arises, mainly, from the coarse and 
hard condition of the cellulose. When fruits are perfectly devel- 
oped and properly matured the cellulose is soft and fine. We 
know that unripe fruit is not wholesome. It digests slowly, 
often ferments in the stomach, and is the cause of painful dis- 
orders. It is unwise to take into our stomachs that which will 
ferment and decompose; it is certainly no less unwise to eat 
over-ripe or wilted fruit, in which these destructive changes have 
already begun. The question is often asked whether such or 
such a fruit is healthy^ even when the question has no special 
reference to the condition of the fruit itself. All fruits that are 
eaten ought to be healthy. That is, they should be well matured, 
sound, and free from disease. As a rule, such "healthy fruits " 
are for most of us wholesome^ although they are neither food nor 
medicine. 

The best results possible from the dietetic use of fruits and 
vegetables come from eating those that are fresh, healthy, and 
properly matured, and which have been produced by our own 
skill and industry. 

I am dwelling too long upon the relations of the products of 
horticulture to health. 
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Let us consider bow horticulture as a vocation stands related to 
the physical, intellectual, and moral well-being of mankind. 
In order to maintain physical strength and vigor, at least four 
things are needful. These are pure air, nutritious food, unbroken 
sleep, and muscular exercise. 

That vocation which comes the nearest to supplying these requi- 
sites of good health can scarcely be other than a desirable 
one. Judged by this standard, horticulture stands at the very 
head of the list. Its quiet, its segregation from strife and jealous 
rivalry, its unequalled opportunities for nature study, make it 
at once attractive and healthful. Blessed is he who works in 
greenhouse, garden, or orchard. As a rule, his day*s exertion 
ends with the evening twilight, and he rises each morning with 
his physical energies renewed for fresh activity. To him is 
given that full measure of health only vouchsafed to those who 
spend most of their waking hours in the free, pure air, and 
renovating sunshine of the open country. 

Health is not only wealth, but happiness, and the superior 
advantages of horticulture as a healthful vocation cannot be too 
strongly urged. 

Floriculture and small fruit culture are pre-eminently adapted 
to women. There are few indusrtries where fairer retuiiis for 
capital and labor expended are more certain : few that can be so 
well begun with small means, and still remain capable of indefi- 
nite extension. Fine fruits and flowers are in universal demand. 
They are the necessities of the rich and the appreciated luxuries 
of the poor. 

Our densely populated commercial centres, our thronged and 
fashionable summer resorts, are rarely if ever adequately sup- 
plied with them. As a rule, they take all they .can get, and then 
look around for more. You might double the largest annual 
yield of good berries, or fine roses or carnations, with profit to 
the producers. The home market for products of this sort is 
signally elastic, the demand ever keeping well abreast of the 
supply. 

The same is true of winter forced vegetables. In the light of 
a personal experience of over twenty years, I can confidently 
afi3rm that the vocation of horticulture, when wisely and ener- 
getically followed, is a profitable one. I believe there are few 
pursuits which afford as bright prospects, or as full an assur- 
ance of reward for intelligent persistent effort, as does this. 



ADDRESS BT WILLIASf R. LAZENBY. 229 

Listen to iv few facts. The vegetable forcing-bouses belonging 
to the horticultural department of the Ohio State University 
have an aggregate glass area of a little less than 4,000 square 
feet There are two plain structures which could be built at the 
present time for about $900 each. The total bench space in 
these two houses is a trifle more than one twentieth of an acre. 
During the past five years the annual sales from these forcing- 
houses have averaged about $600. 

The following are among the more important crops commer- 
cially grown the past year, and the receipts of each: — 

Lettuce $406.10 

Radishes 52.26 

BeeU 46.00 

Cucumbers 48.50 

Hjacinths 59.26 

Total 611.10 

When we consider that these forcing-houses are used but little 
more than one half of the year the result attained is encouraging. 
It should be stated that in addition to the above crops there were 
grown in less quantities, and chiefly for experimental purposes, 
parsley, peppers, egg-plant, cauliflower, string-beans, onions, 
and a few other vegetables, including mushrooms, as well as a 
somewhat smaller list of flowering plants. 

The cultivation of the small fruits is likewise peculiarly suit- 
able for women. It is a business for both old and young. 
Examples are not wanting to show signal successes attained in 
strawberry, currant, and gooseberry culture, by women as well 
as men, when begun in the decline of life. 

Small fruit culture is an industry that especially commends 
itself to poor women who are struggling to support their chil- 
dren in frugal independence. Almost any one can obtain control 
of a cottage with a half-acre, more or less, of warm, southward- 
sloping land, which can be planted with early vegetables and 
small fruits, in such a way as to be a source of continuous proflt. 
If a small forcing-house can be added, and to this can be 
accorded that constant supei-vision without which no industry is 
likely to prosper, it will be an added source of revenue. In this 
way many a widow could find a healthful, congenial occupation, 
which did not require her to spend her days away from home, or 
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sabject her to the caprices of a selfish or thoughtless employer. 
I believe there is no other occupation in which, for the capital 
invested, success is so nearly certain as in horticulture. Of 
every one hundred men who embark in trade, carefully collected 
statistics report that at least ninety fail. Why? Mainly because 
competition is so sharp and traffic so enormously overdone. If 
one hundred men endeavor to support themselves and families by 
merchandise in a town which affords adequate business for only 
ten, it is absolutely certain that a large majority must fail, no 
matter how able their management or how economical their liv- 
ing. On the other hand, the number of horticulturists in 
almost any community might be doubled without necessarily 
dooming one to failure, or even abridging his income. If one 
half of the day laborers in the country were to embark in horti- 
culture to-morrow, I do not believe it would render the industry 
one whit less profitable, while it could scarcely fail to add to the 
health, wealth, and comfort of all. 

I shall have little to say regarding the relation of horticulture 
to intellectual health. Any true knowledge of the art or 
practice must be based upon science. 

The horticulturist stands face to face with problems which 
require for their solution the amplest knowledge of nature's laws, 
the fullest command of science, and the best efforts of the human 
intellect. In this art study and mental acquisition, together 
with a habit of observation and reflection, are equally essential 
and serviceable. However it may be with others, the horticul- 
turist imperatively needs a knowledge of the character and con- 
stitution of the soil he tills, and the plants he cultivates, and the 
laws which govern their relations to each other. 

Geology, chemistry, and botany are the sciences which unlock 
for him the secrets of nature, and a knowledge of these is among 
the most vitally urgent of his needs. 

Horticulture is an intellectual pursuit, and in its practice the 
strongest minds may find scope for profitable employment. The 
one who chooses this profession must keep his mind open and his 
mental faculties alert by constant observation and study. Hor- 
ticulture is esteemed by all, because every useful vocation is 
respected in proportion to the measure of intellect it requires and 
rewards, and never can rise above this level. 

The relation of horticulture to moral and spiritual health de- 
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serves a more extended consideration. The horticulturist deals 
directly with nature, and finds little or no temptation to juggle or 
stoop to trickery. " Whatsoever a man soweth, that shall he 
also reap," is immediately and palpably true in his case. Nature 
never has been and never can be cheated. 

The horticulturist, acting as a horticulturist, soon comes to 
realize that his success depends upon absolute verity, and he is 
not likely to be lured from the straight path of integrity and 
righteousness. When he goes into the markets and becomes a 
trader he is subjected to the same temptations as others, and may 
be enticed into some of the many devious ways of rascality. The 
whole tendency of his vocation, however, conduces most directly 
to a reverence for honesty and truth. It is likewise conducive to 
a genuine independence and thorough manliness of character. 

The horticulturist is not obliged to swallow any creed, support 
any party, or defer to any prejudice, in order to successfully 
follow his calling. 

He may be a democrat, republican, populist, or prohibitionist; 
a gold-bug or a silverite; a free-trader or a protectionist; Chris- 
tian or infidel ; yet his fruit and flowers will sell for exactly what 
they are worth. Social intolerance of adverse opinions is never 
directed toward him. 

But it is horticulture as a fine art that has the most abiding 
influence. Who can measure the effect of the landscape-horticul- 
ture of our parks and public grounds, or estimate the value of 
the external adornment of the home ? 

Horticulture is nature's best interpreter, and through this art 
the blinded eyes may be opened, the dormant aesthetic powers 
awakened, and the heart made ready for a just appreciation of the 
beautiful. It is well to bring art into our homes, to adorn and 
decorate them with painting and sculpture; but we must not 
forget that the sense of beauty must be cultivated before the 
treasures of art can be made our own. If I were called upon to 
point out one of the most serious weaknesses in our modem 
system of education, I should answer, " Its failure to accustom 
the eyes of childhood and youth to the beautiful in nature." 
The beginning of all true education should be a love of nature, 
and nature-study ought to be the dominant note in every educa- 
tional system. 

What a wealth of beauty there is in tree and shrub and 
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flower, — a beauty of which we never tire, and which " is its own 
excuse for being I ** When the art of horticulture arranges trees 
and shrubs, flowers and lawn, so as to present an expressive 
picture to the eye, the beauty is multiplied, and this development 
of the beautiful is the end and aim of all landscape -horticulture. 

The claims of horticulture in answering our spiritual needs are 
no less than they are in answering our physical necessities. 

In the flrst and most essential of human arts we are beginning 
to recognize one of the last and most useful of human sciences. 

How and where and when can this art and science best do its 
appointed work? 

It is a part of my social creed that there need be, and should 
be, no paupers who are not infantile, imbecile, or disabled. 
Yet the world is full of men and women doing nothing, mainly 
because they don't know how to do anything. To correct this, 
youth should be a season of instruction in some trade or useful 
art, as well as in letters and various sciences. There should be 
a blending of labor with study, of training with teaching, so as 
to preserve health of body and vigorous activity of mind. 

The pupil or student should be enabled to nearly or quite make 
his way through high school, academy, aod college, and go forth 
qualified to face adversity and maintain a healthful independence. 
One step toward the accomplishment of this desired end would be 
the introduction into our country schools of manual training in 
horticulture. The land required could be easily secured, and the 
necessary equipment in the way of tools, seeds, etc. would not 
be expensive. 

The work undertaken in these training schools should embrace 
the cultivation of fruits, vegetables, flowers, shrubs, and trees. 
In connection with the above the various operations of propagat- 
ing plants by seeds, cuttings, budding, grafting, etc., should be 
thoroughly taught. The collection and planting of weeds, the 
breeding of the more common injurious insects, and the use of 
remedies, the study of bees and useful birds, a practical ac- 
quaintance with our native trees and shrubs, and other similar 
subjects, might form a part of the instruction and training. 

The introduction of such a course would mean an improvement 
of our school house grounds, and the adornment of these would 
have an elevating effect upon the whole community. 

If we have beautiful school buildings, with beautiful sur- 
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roundings, the inference is almost irresistible that we shall have 
teachers and pupils of greater refinement. To develop all the 
faculties of body and mind is the aim of modern education 
Manual training in horticulture can signally aid in securing this 
end. 

I sincerely hope that the obvious advantages of fonning horti- 
cultural colonies will be widely and rapidly improved. It would 
correct the unhealthy congestion of our towns and cities. In no 
other way can so many be provided with homes, regular employ- 
ment, and good living. By a horticultural colony I mean the 
association of from one hundred to five hundred families, in the 
purchase of a suitably located tract of land, embracing about one 
acre for each individual. The location, which should be reason- 
ably near some large commercial centre, and the purchase of this 
land should be intrusted to the most capable and honest members 
of the association. It should be carefully surveyed and divided 
into a few small lots, centrally located, for the necessary mechan- 
ics and merchants, but mainly into areas of from one to ten acres 
for horticulture. Ample reservations of the best sites should 
be made for a school house, town hall, and public park. The 
streets should be embowered with shade trees, and every owner 
of a lot or garden should be encouraged to beautify and adorn it 

I believe such a co-operative effort would secure a modest but 
comfoitable home for any family that could contribute from $300 
to JP500. If the contribution ranged from $500 to $1,000, a 
proportionally better home could be secured. Some of the 
advantages of such colonization over the isolated system of 
taking up a homestead may be summarized as follows : — 

First, — One tenth of the land required under the old system 
would be found abundant. 

Second. — It could be far better selected with reference to mar- 
kets, and more suitable allotments for fruits, garden vegetables, 
floriculture, nursery, etc. could be made. 

Third. — Few draught animals and little expensive machinery 
would be required. 

And, finally, man's social and gregarious instincts would be 
satisfied. 

While ignorance and miseducation ruin thousands, I believe 
that poverty resulting from involuntary idleness sends more men 
and women to perdition than any other cause. 
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Horticulture may never become a universal panacea for desti- 
tution and crime, yet I have a joyful trust that thousands will be 
awakened by it to a larger and nobler conception of the true 
mission of labor, and by its practice, along the path of simple, 
honest, persistent work, life may be made easier, and men and 
women healthier and happier. 
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Gbnbral Session, Monday Morning, August 24. 

Thb first General Session of the Forty -fifth Meeting of the American Asso- 
ciation for the Advancement of Science was called to order at 10 a. m., Monday, 
August 24, 1896, in the Chspel of the High School Building! Buffalo, N. Y., 
by the retiring President, Edward W. Moruct, who introduced President-elect 
Edward D. Cope in the following words : — 

It is a little difiicult to believe that, only two centuries ago, a man could 
master all of tiie exact and precise knowledge which had then been attained by 
the human race. But it is only two hundred years since Leibnitz lived; and 
it was said of Leibnitz that he drove all the sciences abreast. Science has now 
become much too varied and extensive for any similar mastery ; we must be 
specialists, each familiar with some chosen fraction of science ; and, for most 
of us, the fraction is a small one. 

Some evils may come from this. I do not think they have become very sen- 
sible within our Association. Many of us can, at least, feel an intelligent and 
cordial sympathy with the aims of those sections which are the most remote 
from our own. Within a somewhat narrower range, we can also comprehend 
the problems and results of others ; and within the smaller circle which touches 
our own, we can even understand methods, as well as results and objects. 

But when a chemist has to introduce, as his successor in office, a student of 
paleontology, he can speak with no critical fulness of knowledge. His words 
must be few and general. 

It is no small matter that our President-elect is well known to us as an 
accomplished editor and a skilful writer. But his principal work has been more 
important than this. He has adorned and enriched the sciences of Comparative 
Anatomy, of Osteology, and of Paleontology with many and important addi- 
tions. I may allude to the new light which he has thrown on the origin of the 
vertebrate structure. It is the high and well established reputation which such 
labors have conferred on him which has commanded our suffrages for the office 
which he now accepts. 

Professor Edward D. Cope, it gives me great pleasure to yield to you the 
chair of the President of this Association. 

President Cope then took the chair, and called upon Bishop Charles H. 
Fowler, D. D., of the Methodist Episcopal Church, to pronounce the invocation. 

(287) 
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After the invocation President Cope introduced His Honor, Mayor Edgar B. 
Jewbtt, Chairman of the Local Cohmittkb, who welcomed the Associa- 
tion to Buffalo in these words: — 

Mr. Chairman and Members of thb American Association for thb 
Advancement of Science, — 

In the name of the people of Buffalo I extend to you a sincere and heartj 
welcome. 

We are mindful of the distinguished honor you have done us by choosing 
Buffalo for the fourth time as the place for holding the Convention, and hope 
that you will have no cause to regret your choice. 

It is a pleasure to us to entertain in our humble way men who have dedicated 
their lives, as you have done, to the cause of science. 

I hope this session will be full of profit to you all ; that you will be enriched 
in knowledge by reason of having attended it. 

I trust that the cause of your noble professions will not so completely absorb 
you as to make you indifferent to the many and varied charms of the city of 
Buffalo at this season of the year. 

If you will look about during your stay with us, you will find that Buffalo is 
a large and busy city. Her citizens are quiet, thrifty, industrious, law-abiding, 
and liberty-loving. They are conservative in business affairs, but open-hearted 
and most hospitably inclined toward the strangers who are within our gates. 
It is a city of individual homes, and not of tenements. It is a city of comfort, 
and not of show, of sincerity, and not of sham ; of neatness, cleanliness, sobriety, 
and health. Our doors are open wide to you, and we hope that you will see as 
much as possible of our city during your stay. 

Should you desire to know the cause of the stability, contentment, and con- 
servatism of our people, I would refer you to the resident districts with their 
miles and miles of individual homes, more of them than any other city in the 
country can boast. 

Again I extend to you, most cordially, the freedom of the city, hoping you 
will be pleased with our humble efforts to entertain you, that you will carry 
away pleasant memories of your visit to Buffalo, and a desire to come again at 
some future time. 

President Cope then introduced Dr. Roswell Park, President of the Buf- 
falo Society of Natural Sciences, who gave the following address of welcome : — 

The members of the Buffalo Society of Natural Sciences have done roe the 
great honor to make me their spokesman upon this occasion in extending to yon 
their most cordial welcome to our fair city. How fair, how pleasant it is, you 
may better realize when I remind you that, with more than one third of a million 
of inhabitants, we had during the recent hot season only two deaths from beat 
prostration, while New York City had during the same time about seven hundred. 
But though we had tlie lowest mean temperature of any city in the country dur- 
ing the heated term, we nevertheless hope to show you that our welcome is not 
gauged by the thermometer, nor our hospitality regulated by isothermal lines. 
As citizens we are proud of our city, and it is not our smallest boast, by any 
means, that you meet here now for the fourth time. We would ask those who 
have been here before to compare our present with our past, and see with what 
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rapid strides we are becoming one of tlie largest and most prosperous cities of 
the continent. 

It would surprise you if I told you all our commercial prosperity. Let it not 
provoke a smile when I say that more tonnage enters and leaves our harbor than 
any other harbor in the world, save Liverpool. In fact, it is nearly as large as 
that of the whole Atlantic coast. 

With such commercial prosperity, you might naturally expect to find here 
great institutions of learning. Such, indeed, we have, but perhaps they are less 
conspicuous in a city where business interests dominate as they do with us. 

Among our prominent educational influences we include, and modestly men- 
tion, first, our own Society. This was chartered in 1863, three years before 
your first meeting in this city. Our first President was Judge Clintoh, whose 
name stands high on the honor roll of New York State. Tou see while your 
Association was resting during the period of civil strife, from 1800 to 1866, and 
holding no meetings, our Society was born. 

Not the least of our pleasant recollections in seeing you now is the remem- 
brance that after the period of your inactivity was over, your first meeting was 
held in Buffalo, and that 79 men met here in 1866 and practically reorganized 
your Association. We have not forgotten that at that meeting Prof. Barnard 
presided, that in 1876 Prof. Kogbrs was in the chair, and that in 1886 Prof . 
Morse was President. Nor are we likely soon to forget Prof. Cope, who now 
adorns the position. I know well that of the early Presidents Prof. Jambs 
Hall alone survives, — he of whom our State is also and justly proud. By a^ 
coincidence of no import whatever, and probably of interest only to myself, it 
happens that my father of the same name was, in 1848, one of the founders 
of your Association, his name appearing as such in the first volume of your 
Proceedings. Tou can imagine then that it gives his son a peculiar pleasure to 
extend to you this welcome. 

Our own avowed object is the promotion and study of the natural sciences 
through the formation of a museum and library, the procurement of lecturers, 
etc. Working, as we must, with practically no endowment nor revenue, we are 
not ashamed of the size of the collection both of books and specimens, with 
which our somewhat ample rooms are well filled, — to which rooms we cordially 
invite you at all times, and particularly after the formal exercises of this even- 
ing, when they will be open for an informal reception to your officers and mem- 
bers by the citizens of Buffalo. 

The specimens in our cases number some 27,000 ; our working library con- 
sists of 3,600 volumes. In our museum, the collections of which we are partic- 
ularly proud are those of American Bison, nothing equal to it being in existence ; 
our collection of local fossils ; of eggs ; Judge Clinton's large herbarium ; the 
Wadsworth collection of minerals, valued at $30,000, which is unrivalled in 
some respects ; and the Riggs collection of Mound Builders' pottery. 

We really have been a large influence in our community. Last year our 
rooms were visited by some 30,000 people. The school children of the city and 
their teachers have always been particularly welcome. Our meetings are held 
regularly during the active seasons, and lectures have been given under our 
auspices by many eminent men ; and so it happens that, though few scientific 
societies in the country have had more uphill work, we are yet proud of what 
we have accomplished with our means. 
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Buffalo is a great convention city. Its all around actirity has brought here 
this summer all sorts and conditions of organizations. Even the politicians in- 
fest it. To this fact it is due that city aid has been denied us in doing all that 
we wished to do for your pleasure and entertainment. We have had to depend 
solely upon our good friends, who have not disappointed us, and we are able to 
beguile a number of your leisure hours. It is our particular hope that you 
may visit Niagara Falls with us at the conclusion of the meeting, in order that 
you may see what man has done in harnessing nature, and enjoy the river trip, 
which is not surpassed by any excursion of its kind in the world, either for 
study of nature's scenic effects or the marvels of man's ingenuity. The power 
works and the carborundum manufactory will there be open for your inspection, 
with perhaps other recent enterprises. But before you go there we want you 
to visit certain of our home institutions. Our water works are well worth a 
trip that you may see how the problem of supplying a large city with an abun- 
dance of pure water is beautifully and simply solved. The Buffalo Library 
building, in which is to be found our own home, contains a large public library, 
maintained without city aid and watched over by a talented librarian, Mr. 
Larnbd, whom we always delight to honor. On the upper floor of the same 
building the Historical Society has its quarters, where you may find many in- 
teresting relics of the days when different races and nations contested bitterly 
for possession of what is now our frontier. Indeed, were this the place and 
time to go into local history much might be told you, only a portion of which 
1ms been related in story or sung in verse. 

A little farther up town you will find the Grosvenor Library, a large reference 
library, housed in its new quarters, which are admirable of their kind. To the 
medical contingent of your Association, which has always afforded tempting 
company for medical men, the University of Buffalo, which has just celebrated 
its semi-centennial, offers a fine museum, a large library, and a peculiarly at- 
tractive building for its medical school, which you are also invited to inspect. 
When last you met here, by the way, our University was solely a medical 
school. Now it has five professional schools and 700 students, another evi- 
dence of our scientific growth. The Niagara University also maintains here 
a medical department, the two universities for the present completing and 
rounding out our list of technical educational institutions. 

Aside from these matters, there are connected with our home society a num- 
ber of smaller affiliated clubs, each devoted to some particular form of nature 
study. It will be their pleasure to render such attention to those of your mem- 
bers who are similarly interested as time and weather may permit in the way 
of excursions to some of the many points of interest in the neighborhood. 

I am further authorized by special vote of its directors to extend to the regis- 
tered members of the Association the hospitality of the Buffalo Club during 
the week of this meeting. Cards of invitation are in the hands of the Secretary, 
and will be issued to every one who registers. 

It has been stated, and most justly, that associated action is the mainspring of 
progress and advancement, both in science and in commercial enterprise. No 
more conspicuous illustration of the truth of this assertion can be met with than 
this society can furnish. Recognized at home as the leading organization of the 
continent, and abroad as the peer of any foreign society, you have done in the 
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past, as yon will continue to do in the future, most noble and conspicuous 
good. I can only conclude these heartfelt and inadequate remarks by wishing 
you as successful a meeting this year as you have had in the past, and in assur- 
ing you that Buffalo's citizens take pride in welcoming you here, and in ex- 
tending you every hospitality. We particularly hope, too, that in 1906 we may 
have the great pleasure of greeting you here again. 

In reply to the addresses of welcome, President Cope said : — 

Mb. Mator, Ladies and Gentlemen of the Local Committee, and 
Citizens of Buffalo, — 

I utter the sentiments of the American Association for the Advancement of 
Science in expressing our pleasure at being once again in your beautiful city. 
We feel at home here, as we know that we are among friends who understand 
our motives and our objects. But, inasmuch as we represent the entire nation, 
I will give a brief outline of the objects of the Association and the aims which 
it has in view. Our principal occupation is that of original scientific research, 
although many of us are of necessity teachers of scientific knowledge. The 
primary object of the Association is, however, not teaching only, but the ad- 
vancement of science by the increase of knowledge. We seek to penetrate the 
unknown and to bi^ild up a system by which we may understand with certainty 
the mutual relations of the various parts of the universe, including ourselves. 
Although many facts are known and some laws have been discovered, more 
facts remain unknown and we have not yet ascertained many of the highest 
principles of nature. Original research furnishes the material for teaching and 
the matter which is contained in books. Much money is devoted in this country 
to the building of libraries and of schools, but not much is given for the puiv 
pose of supplying the knowledge which is to be taught in the schools and from 
which books are made. 

The motives of the original investigator vary with his years, but the taste for 
research is generally developed early in life. In some it is a love of the beauti- 
ful, whether it be the beauty of a perfect mechanism or the beauty of form that 
attracts him. In some, it is the desire to know, and in others it is a high inter- 
est in the problem of human origin and destiny. In many it is the same feeling 
which prompts the adventurous explorer to enter a new region, not knowing 
what he will find, but believing that whatever is, is right. 

The services rendered by science are twofold. They have a value either 
material in their character or utilitarian, or they have a mental value, inas- 
much as knowledge serves to clear the mind of fears and doubts and so to 
promote human happiness. The true man of science is not influenced by utilita- 
rian considerations, but he pursues the truth wherever it may lead, knowing by 
experience that its benefits are many and sometimes unexpected. Another 
benefit which the cultivation of science promotes is the formation of correct 
habits of thought. The rational faculty of mind is of very ancient origin, and 
developed early in the history of man. But its use in the early stages of human 
development has been largely a priori, that is, in advance of knowledge, rather 
than as a digester of knowledge after its acquisition. In other words, the scien- 
tific method consists not in the use of abstract reason, but in a reasonable use 
of the results of observation and experiment. This is the lesson which the 
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history of science teaches mankind, that, if we wish to know the actual state of 
affairs, our course is first to observe the facts, and tlien to draw our inference 
from them, and not to describe the universe from our inner consciousness as we 
think it ought to be. All the results attnined by science have been due to ad- 
herence to this method. However, it is not forbidden to entertain hypotheses 
before discovery, if such hypotheses are not valued for more than they are 
worth. Another service which we imagine that science renders to the com- 
munity is the example which it offers of the reward of labor. The scientific 
man loves to work, not only for the sake of acquisition, but also because of the 
pleasure there is in work as an activity of the human organism. By it we 
learn that by work only can great results be accomplished, and the law of con- 
servation and correlation of energy teaches that something cannot be made out 
of nothing. 

In our educational function we hope by example to show that the mental 
life is as worth living and affords as much pleasure as the physical life. This 
is a lesson on which it is necessary to continually insist, and since mankind is 
constantly prone to imagine that mental activity and thought are uninteresting 
or painful, in spite of the fact that they afford pleasure of a high class and one 
conservative of the entire organism. 

Second. We wish to emphasize the desirability of free thought on all sub- 
jects whatsoever, with the necessary condition that thought shall be careful and 
judicial. Thought so applied to our practical affairs must be ip the highest 
degree beneficial in every direction, both personal and national. We expressly 
repudiate two common types of thought. One of these attempts to prove by 
reasoning, if not by reason, a contention in which a person has especial interest. 
It is to be feared that this habit of mind is too common, and it implies a lack of 
honesty of purpose which is entirely foreign to the scientific spirit. The other 
type of thinking to which we object is the acceptance of allegations concerning 
matters of fact and theory, upon insufficient evidence, or upon authority only. 
Both of these methods lead to inaccurate results, and from both the scientific 
method protects us. I do not hesitate to say that the future of science will be 
greater than its past, and that it affords a career to those who are adapted for 
it, which promises a high degree of happiness and benefit. I believe that in 
this country, with our facilities in various directions, the pursuit of science will 
become a more conspicuous part of our national life than it is now, and I am 
sure that nothing is more desirable for our national life than that this should 
be the case. In the cultivation of science we see the cultivation of honesty, of 
industry, and of truth, all qualities which are essential to the prosperity of a 
people. 

Fellow citizens of BufiTalo, we thank you for the very material aid which you 
are rendering us in the attempt to develop this enterprise. 

The Permanent Secretary read the list of members deceased since the 
last meeting. This list is printed in full in another part of the volume, and in- 
cludes the names of deceased members which have not previously been entered 
on the printed lists. 

During the past year the Association has lost three of its founders and one of 
its past Presidents. 
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The following announcements were made by the Genbral Sbcrbtary . — 

1. A vacancy exists in the Vice- Presidency for Section A, by reason of the 
absence of Prof. Wm. E. Story, owing to the sickness of his wife. Nomination 
to this position will be made by the Council at the General Session on Tues- 
day. As VicePresident Story's address is not prepared, tlie announcement for 
the afternoon should be cancelled. 

2. Prof. A. C. Gill, Secretary of Section E, has resigned on account of his 
journey to Greenland. 

3. The death of Capt. John G. Bourke, U. S. A., the Secretary of Section H, 
already announced by the Permanent Sbcrbtart, creates a vacancy in that 
office. 

4. Sections E and H are directed by the Council to fill the vacancies in the 
Secretaryship of each. 

0. The Council directs that the following communications be read : — 

Editorial Rooms of The Iron Age, New Tork^ April 16, 1896. 
Ambrican Association for thk Advanckment or SaBxci, Salem, Mass. 
Oentlemxn, — At the request of Professor A. t. Kerpelt, I take pleasure in forwarding to yon 
the enclosed invitation to attend the Mining and Geological Congress at Budapest. 

Tours truly, 

G. KmcHHor, 

Editor The Iron Age. 

(6. BulyovBzky-tUeza) Budapest^ February 20, 1896. 

To THE MeXBEES Of THE AXREICAN ASSOOATION TOR THE ADVANCEMENT OF SCIENCE : -— 

The Metropolitan City and residence of the King of Hungary is preparing to solemnise this 
their millennium by a series of great festivities. 

A thousand yean have passed since our country has sprung into existence and has assured its 
liberty in the very heart of Kurope. 

After many hard struggles which often threatened our total annihilation, we have firmly held 
our ground, and are now going to extend, in an intellectual and ethical point of view, the construc- 
tion of our public life. 

We mountaineers and geoli^^ts will do our share in the demonstration by convolving our 
colleagues f^m abroad to debate with them on subjects of mutual scientific interest. 

We have therefore decided to hold, on the 25th and 26th of September, 1896, a Mining and Geo- 
logical Congress in connection with the Millennial National Exhibition, and we hope to welcome 
all those of our fk-iends and colleagues who may choose to talte part therein. 

We presume that our National Exhibition alone will afford some interest to those not fully 
acquainted with the situation of our country, but we shall feel happy if our invitation will also re- 
sult in inducing the participation in discusftions. 

It ii proposed that on the days destined for the meetings of this Congress the rich Exhibition 
of Industry and Agriculture, as well as its most interesting historical features, shall be visited 
under professional guidance. 

According to the number of foreign and home members, discussions will be opened in special 
sections, for which reason we have decided to constitute the following sections: (a) Geolc^y, 
(6) Coal-Mining, (c) Metal-Mining, {d) Preparation of Metal Ores in a wet way, (e) Proceedings 
of extracting metal, [J) Iron ore Mining and Metallurgy', {y) Rock-salt Mining, (A) Mintage, 
and (0 Mining Legislation. 

Lectures as well as the discussions to be held can be made not only in Hungarian, but also in 
German, French, and English. 

Notices of lectures to be given at latest until the 1st of April a. c, and rough copies of the same 
to be sent to the undersigned Committee, the latest until the Ist of July a. c, in order to give time 
to have them translated into other languages and to have them put into print. 
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After the eloftng of the GongreM, ezcarslons of two to three days* daratton will be made into 
some of our most Important coal mlnee^ iron workf, and interesting gold districts. 

In the name of the Execative Committee, I hare the honour of inviting you to 'partake In our 
Congrem, and hope you will be largely repreeented by members who, by lectures and arguments on 
questions of national economical importance, will enliven our discussions and add to the sooeess 
of this Congress. 

Finally, 1 b«g to obserre that notice of participation can be registered at ray office (Budapest VII. 
BnlyoTsikyutca 6) until the 1st of July a. c, and that our Committee will also undertake to pn>> 
Tide suitable lodgings for the members if required to do so. 
We are, with great respect, 

Truly yours. 

A. y. KiaPKLT, 
President^ Executive CmnmUtee, 



TJu Buffalo Library, Buffalo, N, F., May 18, 1886. 
Prof. F. W. VxTtrxiM, 

SlORKTABT AXBRIOAN AsSOCIAnON FOB TBI ADTAROEKITT OF SCIKHGB, 8aLXM, MaSS.: — 

Drar Sir, — 

Agreeably to a resolution adopted by the Board of Ifanagers of the Bnlfido Library, I beg to 
extend lo your Association the priTileges of the Library during the couTention to be held in this 
city in August next. 

Yours yery tmly, 

JOSKPH L. HUNRIOKBR, 

Correaponding Secretary. 

6. Bliss Bros., photographers, request the members of the Association to as- 
semble on the steps at tlie northwest comer of the High School on Tuesday, 
August 25, at 12:15 p.m. 

7. The Council recommends that daily sessions be held from 10 to 12 a.m., 
and from 2 to 5 p. m., on Monday, Tuesday, Wednesday, Thursday, and Friday. 

The recommendation was unanimously adopted. 

8. The Council has arranged for the following lectures to be given compli- 
mentary to the citizens of Buffalo in the Chapel of the High School : — 

Wednesday, 8 p. m. Dr. J. W. Spencer on " Niagara as a Time Piece." 
Thursday evening, 8 p. m. Mr. Mercer and Dr. Cope, on the *' Results of 

Cave Explorations in the United States, and their bearing on the antiquity of 

Man." 

9. The Council has authorized Sections F and G to hold a joint session on 
Wednesday afternoon at 2 o'clock. 

10. The Council has elected seventy-one new Members ; also three Associate 
Members for the present meeting, viz. Victor Gutzu, of Bucharest, Hou- 
niania ; Seirtu Mine, of Tokyo, Japan ; and Miss Mart Foster, of London. 

11. The Council has authorized special excursions offered to Sections E, F, 
andG. 

A resolution offered by W. H.<Halb, relative to the semi-centennial celebra- 
tion of the founding of tiie Association, was referred to the Council. 

After announcements by the Local Secretary, regarding railroad certificates, 
excursions, and receptions, the session adjourned. 
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EvBNiNO Session, Monday, August 24. 

The Association convened in the Chapel of the High School at 8 p. m. 
President Copb in the chair. The President introduced Prof. Edw. W. 
MoRLBY, the Retiring President, who delivered an address upon " A completed 
chapter in the history of the atomic theory." [The address is printed in full 
elsewhere in this volume.] 

After the address the Association adjourned to the rooms of the Buffalo 
Society of Natural Sciences, where an informal reception was held, affording 
members an opportunity to inspect the collections and rooms of the Society. 

General Session, Tuesday Morning, August 25. 

The Association was called to order at 10 a. m. by President Copb in the 
Chapel of the High School. 
The General Secretary announced : — 

1. The nomination by the Council of Alexander Macparlanb, of Austin, 
Texas, as a Vice-President of the Association and Chairman of Section A. Tlie 
Secretary was directed to cast the ballot of the Association for the nominee, 
and he was declared duly elected. 

2. The election by the Council of nineteen new Members. 

The Treasurer read an abstract of his report, which is printed in full else- 
where in this volume. 

After announcements of temporary interest by the General and Local 
Secretaries, the Session adjourned. 

A reception from 8 to 11 p.m. was tendered the Association by the Buffalo 
Society of Natural Sciences in the rooms of the Twentieth Century Club. 

General Session, Wednesday Morning, August 26. 

The Association met at 10 a. m. in the usual place, President Cope in the 
chair. 
The General Secretary made the following announcements : — 

1. The Council has elected seventeen new Members. 

2. The Council directs the reading of the following communication, and 
commends the matter to the individual generosity of members, since the funds 
of the Association do not warrant any grant : — 

Pattteur Monument Committee of the United States ^ 
Cosmoa Club, Washingtoti, J). C. 
It has been decided to erect in one of the aqnaren of Paris a monument to the memory of M. 
Pasteur. Statnes or boats will also, no doabt, be located at his birth plnre and in other cities. The 
Paris committee has, howeTer, wiKelj determined that the statue obtained through international 
effort shall be located at Paris, where it will be seen by the greatest number of his countrymen and 
also by the greatest number of his admirers from other lands. The Paris committee has for hon- 
orary members the President of the Republic and his Cabinet, together with about one hundred 
and sixty of the most prominent ofBclals, scientists, and other distinguished citiaens of France. 
The active members of the committee are : — J. Bertrand. President, member of the French Acad- 
emy, Perpetual Secretary of the Academy of Sciences. J. Simon, Vice-President, member of the 
French Academy, Perpetual Secretaiy of the Academy of Moral and Political {icience. Grancher, 
Secretary, member of the Academy of Medicine, Professor in the Faculty of Medicine. Brnardel, 
member of the Academy and of the Academy of Medicine, Dean of the Faculty of Medicine. A. 
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Chrifltophle, Uononiry GoTernor of the Credit Foncier, Deputy from TOnne. Count Delaborde, 
Perpetual Secretary of the Academy of Fine Arte. Duclaux, member of the Academy of Science 
and of the Academy of Medicine. Magoin, QoTemor of the Bank of France, Vice-President of the 
Senate. Baron A. de Kothochlld, baoker. Rous, AeslsUnt Director of the Pasteur Institute. 
WalloD, Perpetual Secretary of the Academy of Inscriptions and Belles-Lettres. 

The Paris committee has kindly extended the opportunity to the people of the United States to 
assist in this tribute of appreciation and loTe, and has authorised the organisation of the Pasteor 
Monument Committee of the United States. 

The members of this committee gladly accept the pririlege of organizing the subwription, and 
of reoelTing aod transmitting the funds which are raised. 

We believe it is unnecessary to urge any one to subscribe. The contributions of Pastenr to 
science and to the cause of humanity were so extraordinary, and are so well known and so thor- 
oughly appreciated in America, that our people only need the opportunity in order to demonstrate 
their deep interest. 

All can unite in honoring Pasteur. He was such an enthusiastic iuTestigator, so simple, so mod- 
est, so lovable, and yet so earnest, so great, so successful, — his ideals were so high and liis eObrts to 
ameliorate the condition of humanity were so untiring, that we aoticipate an enthusiastic response 
from the whole civilized world. The United States will vie with the foremost of nations in this 
tribute. Chemists, soologlsts, physicians, and all others interested in science, will wish to be repre- 
sented. No one is expected to subscribe an amount so large that it will detract in the least from 
the pleasure of giving. A large number of small subscriptions freely contributed and showing the 
popular appreciation of this eminent Frenchman is what we most desire. 

It is our purpose to do our work as largely as possible through societies or other organisations. 
We prefer to have each organization appoint one of its members as an associate member of this 
committee, with authorization to collect and forward the subscriptions. The amounts thus Alt 
subscribed by individuals vary from fifty (60) cents to ten (10) dollars. It is hoped that no one who 
is interested will hesitate to place his name upon the list because he cannot give the maximum 
amount. 

Please let this receive your early attention, and in that way assist our committee, which must 
conduct correspondence with the societies of the entire country. 

D. K Salmon, Chairman, 

E. A. DE ScHWEimrz, Secntary. 

The following communication received by the Council was referred to Sec- 
tion F for report : — 

The Joint Commis8ion qfthe Scientijic Societiea qf Washington^ D. C. 
Office qfthe Secretary ^ May 6, 1896. 
F. W. Putnam, 

PiRMAHKNT SkGRETAHT AmEBICAN ASSOCIATION FOB THE ADVANCEMENT OV SCIENCE : — 

DxabSir: — 

There is now pending before Congress legislation looking to the restriction, if not practical pro- 
hibition, of vivisection in the District of Columbia. This pernicious legislation, ostensibly aimed 
at abuses which do not exist here, would, as you know, do incalculable injury to original biologi- 
cal and medical research, and should it become law will undoubtedly be made the basis of similar 
demands upon State legislatures. The accompanying resolutions are sent you by order of the 
Executive Committee of the Joint Commission in the hope that your Society will take similar steps 
to prevent affirmative action by Congress. 

A copy of all resolutions adopted should be sent to the President of the Senate, the Speaker of 
the House, and to Dr. £. A. de Schweinitz, Agricultural Department, Washington, D. C. 

Respectfully, 

J. Stajclby Bbowk, 

Secretary. 

3. The following resolution, reported by Section F, has been approved by 
the Council and is recommended to the Association for adoption: — 
The American Association for the Advancement of Science, at its annual 
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meeting held at BiifiFalo, August 24th to 28th, 1896. desires to present to the 
Congress of the United States, its protest against legislation on the subject of 
vivisection. The membership of this Association is composed of experts and 
authorities, and persons interested in different branches of Science, in all num- 
bering nearly two thousand. These members come from all parts of the country, 
and represent many diverse interests. 

Whereas: This Association was organized for the purpose of advancing 
science, of diffusing scientific information, and exciting wide-spread interest on 
the part of the pubiiu in scientific progress ; therefore be it 

Resolved: That this Association deprecates any legislation on the part of the 
Government which would tend in the slightest degree to discourage the advance- 
ment of science, more especially biological, chemical, and medical science, at 
this time, when greater results are promised than ever before in the history of 
the world. And 

IVhereas: The health and welfare of men and animals are vitally affected by 
the results of animal experiments, and such experiments have effected a saving 
of many millions of dollars in animal property, and are the basis of our knowl- 
edge of hygiene and preventive medicine, and in part of surgery ; therefi>re 
belt 

Resolved: That while deprecating cruelty and needless vivisection experi- 
ments in the public schools, this Association believes that those who are trained 
in biological research are the ones who are best able to decide as to the wisdom 
and utility of animsl experimentation, and deems that the legislation contem- 
plated by Senate Bill 1652 would he unwise, and would tend to retard the 
increase of knowledge of the means of mitigation of the sufferings of men and 
animals. 

The resolutions were unanimously adopted. 

The following communication relating to the creation of the oflBce of Director 
in Chief of the scientific divisions of the United States Department of Agricul- 
ture was referred to a committee for report : — 

The Joint Commission qfihe Scientific Societies qf Wcuhington, D. C. 
Office of the Secretary ^ March 7. 

PBOr. P. W. PUTKAM, 

Perm. Sic'r A. A. A. 8. 
Dear Sir, — 

Acting in accordance with Instructions ftrom the Executive Committee of tlie Joint Commission 
of the Scientific Societies of Washington, I have the honor to transmit herewith a copy of a series 
of resolutions, adopted by the Commission, in the hope that your Society may find it agreeable to 
take such steps as it may deem proper to promote the passage of so worthy a measure. 

Very respectfully, 

J. Staxlct Brown, 

Secretary. 

4. The following report and resolution, submitted by the committee, has been 
approved by the Council and recommended to the Association for adoption : — 

Tour Committee has carefully considered the communication from the Joint 
Commission referred to, and has consulted sundry other papers sent on from 
Washington by persons interested in the movment in question. That there has 
been in Washington a movement towards the creation of such an office is prob- 
ably familiar to all the members of the Council. The Committee is informed 
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that a circular letter from the Secretary of Agriculture has been sent to many 
of the members of the Council, and an editorial in " Science " has probably 
familiarized others with the matter. The Department of Agriculture has fur^ 
ther been in correspondence with many scientific organizations in the country 
which could be regularly reached, and all have expressed themselves as favor- 
ing the plan. 

In brief, the plan is the outgrowth of the unsatisfactory condition of affairs 
which has existed in the Department of Agriculture for some years, — in 
fact, since the great development of its scientific work which has taken place 
within the last decade. The officer having immediate supervision of the scien- 
tific divisions is the Assistant Secretary of Agriculture. This office is filled by 
Presidential appointment for a term of four years, and it has been found by 
experience that it takes the person appointed to fill this office about one year 
to familiarize himself with the details of the work, and that no sooner does he 
become thoroughly acquainted with the conditions than his term of office 
expires and a new man is appointed. Further, there is no certainty that the 
appointee to fill the office of Assistant Secretary of Agriculture will, in every 
case, be a man of broad scientific opinions, and able to satisfactorily supervise 
the work of the scientific divisions. 

The great necessity for the existence of an officer of broad attainments, whose 
term of office would not be limited, and who could act in an advisory and con- 
trolling manner, becomes at once apparent. There are at present in the De- 
partment two large bureaus, namely, the Weather Bureau, and the Bureau 
of Animal Industry, and eight divisions, engaged in purely scientific work. Of 
the two thousand men employed in the Agricultural Department, nine hundred 
and ninety-three are engaged chiefly in scientific and technical work. And of 
the $2,400,000 appropriated annually, $1,700,000 is appropriated for work of this 
class. 

In view of the evident desirability of legislation in the direction indicated, an 
amendment to the appropriation bill was introduced in the United States Senate, 
May 13th, 1806, and was referred to the Committee on Agriculture and For- 
estry. It received a favorable report from the Committee, but no action was 
taken by the Senate on account of the approaching close of the session. 

It is hoped that favorable action may be reached during the next session of 
Congress, and to this end it is proposed to submit to Congress the opinions of 
prominent individuals and scientific organizations. The proposition has been 
warmly approved by the following persons and organizations : — 

President Gilman and the scientific faculty of Johns Hopkins University. 

President Dwight and the scientific faculty of Yale. 

Seventeen members of the scientific faculty of the University of Michigan. 

President Eliot and Professor Shaler of Harvard. 

Presidents Schurman, of Cornell; Low, of Columbia; Warren, of Boston; 
Walker, of the Massachusetts Institute of Technology ; Hall, of Clnrk ; Can- 
field, of Ohio; MacLean, of Nebraska; Chaplin, of Washington (St Louis); 
and many other heads of colleges, directors of Agricultural experiment stations, 
members of scientific faculties, various academies of science and scientific socie- 
ties, the Joint Commission of the Scientific Societies of Washington, Mr. Theo- 
dore Roosevelt, and other gentlemen identified with the cause of Civil Service 
Keform. 
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In view, therefore, of the obvious good to the cause of science which will 
result from this proposed legislation, and in view of the practically unanimous 
indorsement which it has received from prominent educators and men of science 
throughout the country, and in further view of tlie fact, which is none the less 
true, although it has not been publicly mentioned, that this movement is in the 
direction of the co-ordination of scientific work under the general government, 
it seems to your Committee that the American Association for the Advance- 
ment of Science can unhesitatingly approve. 

Your Committee, therefore, recommends that the Council recommend to the 
Association the adoption of the following resolution : 

Resolved: That the American Association for the Advancement of Science 
heartily approves the proposition to create the office of Director in Chief of 
scientific bureaus and investigations in the Department of Agriculture, to be 
filled by a broadly educated and experienced scientific man ; provided that such 
appointment shall be made only on the nomination of the National Academy of 
Sciences, the legally constituted adviser of the government in matters relating 
to Science. 

The report and resolution were unanimously adopted. 

After announcements by the Local Secretary the session adjourned. 



Evening Sbssion, Wednesday, August 26. 

The Association met at 8 p. m. in the Chapel of the High School, with Presi- 
dent Cope in the chair. 

A public lecture, complimentary to the citizens of Buffalo, was delivered by 
Mr. J. W. Spencer, on *' Niagara as a time-piece," illustrated by lantern 
slides. 



General Session, Thursday Morning, August 27. 

The Association met at 10 a. m. in the usual place, the President in the 
chair. 
The General Secretary made the following announcements : — 

1. Mr. J. Bishop Tingle, of Aberdeen, Scotland, has been elected by the 
Council an Associate Member. 

2. Two new Members have been elected by the Council. 

3. The Council has received the following letter : — 

Iroquois Hotel, BvffcUOy N. Y., August 26/ A, 1896. 
Prof. F. W. PcTHAM : — 
Dear Sir,— 
Pruldent Cope's appeal this mornlog for assistance to honor the late scientist Pasteur met 
with no response, omng to our depleted treasury. It occurs to me to give cause for regret, as it 
might be construed as want of sympathy. 

Enclosed please find check for the above appeal. 

The letter contained a check for $100. (Applause.) It is hardly necessary 
to name the donor, for those who have been often at the meetings of the Asso- 
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ciation will have recognized already the generous hand of Mrs. Esthbr Hisrr- 
MAW. (Great applause.) 

In this connection, the Cooncil has authorized the Treasurer to receive and 
transmit contributions to the Pasteur Monument Fund in the name of the 
Association. 

4. The Committee to which was referred a communication on the metric sys- 
tem has submitted the following resolution, wliich has been approved by the 
Council, and is recommended to the Association for adoption. 

Resolved : That A. A. A. 8. Is now, as it always has been, earnestly in favor 
of reform in weights and measures, and it urges upon the Congress of the 
United States the desirability of further legislation looking to the early adop- 
tion of the metric system. 

The resolution was unanimously adopted. 

6. The Council has adopted the following recommendation of Section C: — 

First. That the officers of Section C and of the American Ciiemical Society 
be authorized to prepare together the programme for the next meeting ; that the 
first two days of the meeting be officially tiie meeting of the American Chemi- 
cal Society, allowing, iiowever, opportunity for the organization of the Section 
and the Vice-President's address. 

Second. That the courtesy of reading papers in Section C be extended to 
the members of the American Chemical Society, and that the same courtesy be 
extended to members of Section C by tiie American Chemical Society. 

6. The following communication from Mr. Stilbs was referred to Section F : — 

U. S. Department qf Agriculture ^ Bureau of Animal Industry ^ 
Washington, D. C, August 20, 1896. 

Prof P. W. Putnam, 

Sbo*t American Association pob the Advancement of Science, Buffalo, N. T. 
Dear Sir : — 

At a meedng of the Third International Zoological Congress, held at Leyden In September, 1896, 
an international commission of fire members was appointed to study all of the codes cf aoological 
nomenclature propa^ed in Tarious countries, to compare these codes with the present inter- 
national code, and to report at the next International Congress in England, 1896, any recommen- 
dations and amendments to the International Code which the commission should think adTisable ; 
also to make an official translation of the code from the French into English and German. 

The memliers of this commission are Dr. Sclatsr, England ; Dr. Raphael Blanchard, France ; 
Prof. Victor Carus, Germany ; Prof. Jentink, Holland; Dr. Stiles, United States. 

Upon returning from the Congress to this country I immediately suggested to certain American 
aodlog^sts the adTlsability of the appointment of an American advisory board, to which I might 
submit for approval or disapproval all the propositions I Intend to support in the meetings of the 
International Commission, and as the plan met with favor I have addressed certain ■eientifle 
societies requesting of each the appointment of a representative upon this advisory board. In re- 
sponse to these requests the following gentlemen have thus far been appointed : 

By the Smithsonian Institution, Dr. Dall. 

By the Society of American Naturalists, Prof. Cope. 

By the American Omithologiflts' Union, Dr. Allen. 

By the National Academy of Science, Prof. Gill. 

By the Royal Society of Canada, Prof. It amsat Wright. 

In accordance with the general plan as set forth in this letter and In the enclosed clipping [from 
Science, 1895, pp. 6C5-6], I respectfully request that the American Association for the Advance- 
ment of Science appoint one of its zoological members as a representative upon this advisory 
board. In making this request, I agree that my vote upon any g^ven proposition in the Interna- 
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ttonal Gommlnion shall be goTeraed by this adyifloxy board, should the occasion arise that my 
personal opinion upon that proposition differs flrom the opinion of the advisory board. 
Hoping that the Association will be willing to appoint the representative desired, I remain, 
Very respectfully, yours, 

Ch. Wabdell Stiles, 

ZoUlogiat Bureau of Animai Industry and U. S. Oovemtnent 

Delegate to the Third International Zoiilogieal Qmgreas. 

Section F re<:oinmended the appointment of Dr. A. S. Packard, of Providence, 
R. I., as a member of the American Advisory Board proposed by Dr. Stilkb, 
and the Council has made the appointment. 

After announcements by the Local Secretary, tlie session adjourned. 

Evening S^bsion, Thursday, August 27. 

At 8 o'clock the Association met in the same place. President Cope in the 
chair. Owing to tlie absence of Mr. Mercer, the public lecture, compli- 
mentary to the citizens of Buffalo, was delivered by Prof. E. D. Cope, on 
" The results of cave explorations in the United States, and their bearing on the 
antiquity of man." 



General Session, Friday Morning, August 28. 

The Association met at 10:80 a. m.. President Cope in the chair. 
The General Secretary made the following announcements : — 

1. The following communication to the Council from Section H was re- 
ferred to the Section, with a request that the Section nominate the committee 
therein referred to. 

Whereas : the influence which the environment of the New World has exerted 
upon the physical and mental development of the White Race, is a question of 
the utmost scientific and practical importance ; and 

Whereas: there appears to be no governmental or scientific bureau which is 
giving the study of this subject attention at the present time ; therefore 

Resolved: That the American Association for the Advancement of Science 
appoint a committee to organize an Ethnographic Investigation of tiie White 
Race in the United States, with special reference to the influence exerted 
upon it in its new surroundings, said committee to report annually to the 
Association. 

Section H recommends the appointment of the following gentlemen to serve 
as a committee on Ethnographical Investigation of the White Race in America, 
in accordance with the action of the Council : D. G. Buinton, J. McK. Cat- 
tell, W. W. Newell, W J McGee, and Franz Boas. 

These gentlemen have accordingly been appointed by the Council. 

2. The Council has adopted the following resolution, received from 
Section E: — 

Resolved: That Section E requests the Council of the American Association 
for the Advancement of Science to permit and authorize the officers of Section 
E to make such arrangements with the Geological Society of America for the 
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meeting of 1897 that the Geological Society may occupy a portion of the time 
usually assigned to the Section. 

8. The Council, upon request of Section E, has appointed the following 
gfentlemen as delegates to the International Geological Congress, to be held in 
St. Petersburg in 1897, and has authorized them to fill by a majority vote 
any vacancy which may occur : E. D. Cope, James Hall, B. K. Emerson, W. N. 
Rice, and C. D. Walcott. 

4. The following report, from the Committee on Standards of Measurement, 
has been adopted by the Council, and the grant therein named made. 

In view of the absence of any properly constructed and authenticated stand- 
ards of electrical measurement prepared under the provisions of the law of 1804, 
this Committee recommends that it be authorized to construct such standards, 
and that, to pay, in part, the necessary expenses incident to this work, the sum 
of fifty dollars be placed at the disposal of the Committee, from current funds in 
the possession of the Treasurer; it being understood that any standards thus 
constructed or material acquired shall remain the property of the A. A. A. S. 
until otherwise disposed of by the Council. 

5. The Committee on Grants has recommended, and the Council has made, 
the following grants : — 

To Woods Hole Biological Laboratory, $100. 

To Prof. Francis C. Phillips, for Investigation of Propestibb of 
Natural Gas, $50. 

To Dr. L. A. Bauer, for Investigations in Terrestrial Magnetism in 
oonnection with the Magnetic Survey of Maryland, $60. 

6. The following report of a Committee appointed by the Council has been 
adopted : 

Whereas : It is explicitly stated in Article 11 of the Constitution of the 
American Association for tlie Advancement of Science that tlie " Vice-I*resi- 
dents shall be chairmen for their respective sections ** : and, 

Whereas : It has grown to be the custom in the daily programmes to ignore 
the constitutional title " Chairman ** in referring to the presiding ofiicers of 
the sections, thus bringing about a certain misconception in the minds of 
those not familiar with the Constitution : therefore, be it 

Resolved: That the Council instruct the Permanent Secretary, in pre- 
paring programmes and other matter relating to the Association, to use the 
term Vice-President in expressing the relation of the presiding officer of 
any section to the Association, and the title Chairman in expressing his 
relation to his section. Where botii relations are to be expressed, the term 
Vice-President should precede the name, and Chairman should follow. Where, 
moreover, it seems necessary to refer to those ofiBcers, as in the list of special 
committees of the Association (page 5 of tiie Constitution, etc.), they shall 
be termed Vice-Presidents for the sections, and not Vice-Presidents of the 
sections. 

7. The Council has received the following report from the Library Com- 
mittee,which it directs to be read for the information of members : — 

June 20, 1896. 
The Committee on the Library of the Association renpectftilly reports that, In accordance with 
the agreement entered Into with the authorities of the University of Clndnnatl, the Library waa 
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packed and forwarded to Cincinnati early in the spring of the current year. As the new Science 
building of the UnlTerslty will not be completed until September, it has been neceaeary to poet- 
pone until then the arrangement, claMiflcatlon , and cataloguing of the collecUon. Proper proviuion 
has been made for all of theee matters, so that In a few months the Library wiU be In the proper 
condition for consultation, either on the spot or by those at a distance. 
Reepectflilly submitted, 

Wm. L. DUDLXT, 

T. H. NoMOK, 

A. W. BOTUB, 

Thomas Frehob, Jb. 

8. In response to a request from the National Educational Association, the 
following Committee has been appointed by the Council to cooperate with a 
committee of that body in the consideration of the coordination and simplifica- 
tion of science requirements for entrance to college : R. S. Tark, H. S. Cab- 
HABT, A. S. Packard, C. F. Mabbry, and C. E. Besbbt. 

9. The Council has elected one new Member, making a total for the present 
meeting of 110. 

10. In accordance with the following proposal from Section H, the Council 
has elected Hobatio Hale, of Clinton, Ont., a Life Fellow of the Association. 

Section H presents the following resolution adopted at tlie afternoon session :-— 

Whereas: Hobatio Hale, long an active member and at one time Vice-Presi- 
dent of this Association, has made contributions to ethnology and philology 
entitling him to a place in the first rank of American anthropologists ; and 

Whereas : it seems fitting that Mr. Hale's long and arduous labors in behalf 
of science should be recognized by the A. A. A. S. ; therefore, 

Resolved : That Section H recommend to the Council that Hobatio Hale be 
made a Life Fellow of the Association. 

11. The Council has elected the following Members to be Fellows of the 
Association : — 

Austen, Prof. Peter T., 99 Livingston St., Brooklyn, N. Y. (44). C 

Bacon, Chas. A., Beloit, Wis. (36). A 

Barnes, David Leonard, A. M., Suite 1760, Monadnock Building, Chicago, 111. 

(48). D 
Barnum, Miss Charlotte C, 144 Humphrey St., New Haven, Conn. (36). A 
Bigelow, Willard Dell, Chem. Div., Dept. of Agric, Washington, D. C. (44). C 
Blair, Andrew A., 406 Locust St., Philadelphia, Pa. (44). C 
Bleile, Albert M., M. D., 342 S. Fourth St., Columbus, Ohio (37). P 
Boy^, Martin H., M. D., Coopersburg, Lehigh Co., Pa. (1). C 
Boynton, Prof. C. Smith, 69 North Prospect St., Burlington, Vt. (44). C 
Bromwell, Wm., Port Deposit, Md. (40). C 
Bull, Prof. Storm, Madison, Wis. (44). D 
Campbell, Prof. Edw. D., Ann Arbor, Mich. (44). C 
Cattell, Prof. James McKeen, Columbia College, New York, N. Y. (44). 

BFHI 
Chalmot, G. de, Spray, N. C. (44). C 

Chase, Frederick L., Yale Univ. Observ., New Haven, Conn. (43). A 
Cochran, C. B., Food Inspector to State Board of Agric, 514 South High St., 

West Chester, Chester Co., Pa. (43). C 
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Collins, William H., Haverford College. Haverford. Pa. (41). A 

Daine, Frank Burnett, WeMeyan Univ., Middletown, Conn. (41 ). C 

Dana, James Jackson, Lt. Col. and Brevet Brig. Gen. U. S. Array, " Cosmos 

Club," 1520 H St., N. W., Washington D. C (40). 
Daniells, Prof. William W., Prof. Chem , Univ. of Wis., Madison, Wis. (42). C 
Davis, C. H., Commander U. S. Navy, Chief Intelligence Officer, Navy Depart- 
ment, Washington, D. C. (40). 
DixwBLL, Epb8 S., Cambridge, Mass. (1). HP (Founder.) 
DuPont, Francis G., Wilmington, Del. (83). A B D 
Earle, F. S., Prof. Biol., Ala. Polytechnic Institute, Auburn, Ala. (39). O 
Eastman, Charles Rochester, Mus. Comp. Zoology, Cambridge, Mass. (41). E 
Eichelberger. William Snyder, Ph. D., Wesleyan Univ., Middletown, Conn. 

(41). A 
Ewell, Ervin E., Dept. of Agric, Chem. Div., Washington, D. C. (40). C 
Ferry, Ervin S., Instructor in Physics, Univ. of Wis., Madison, Wis. (41). 
Flather, Prof. John J., 160 South St., La Fayette, Ind. (44). D 
Frankforter, Prof. Geo. B., Univ. of Minnesota, Minneapolis, Minn. (43). C 
Gill, Augustus Herman, Mass. Inst. Technology, Back Bay, Boston, Mass. 

(44). C 
Goss, Prof. Wm. F. M., La Fayette. Ind. (39). D 
Greene, Prof. Edward Lee, Prof. Botany, Catholic Univ., Washington, D. C. 

(42). O 
Gudeman, Edward. Ph.D., care Amer. Glucose Co., Buffalo, N. Y. (40). ' C 
Hall, Arthur G., 63^ S. Division St., Ann Arbor, Mich. (41). AB 
Hallock, Albert P., Ph.D., 440 First Ave., New York, N. Y. (31). C 
Halsted, Prof. George Bruce, Austin, Texas (43). 
Harrington, Prof. Mark W., Pres. University of Washington, Seattle, Wash. 

(40). B 
Harris, Prof. E. P., Amherst College, Amherst, Mass. (44). 
Haskell, Eugene E., U. S. Engineer Office, Sault Ste. Marie, Mich. (39). A B D 
Hayes, Charies Willard, U. S. Geol. Survey, Washington, D. C. (41). E 
Hedrick, Henry B., A.B., Nautical Almanac Office, Washington, D. C. (40). 
Hillyer, Homer W., Ph. D., Univ. of Wis.. Madison, Wis. (42). C 
Hodgkins, Prof. H. L., Columbian University, Washington, D. C. (40). AB 
Holland, Rev. W. J., D. D., Ph. D., Pittsburg, Pa. (37). P 
Hubbard, Prof. Oliver Payson, C6 W. 19th St., New York, N. Y. (1). (Founder.) 
Humphrey, James Ellis, Johns Hopkins Univ., Baltimore, Md. (44). Q 
Hunter, Andrew Frederick, Barrie, Ont., Can. (38). BHI 
Kober, Geo. Martin, M. D., 1819 Q St., N. W., Washington, D. C. (40). H 
Lambert, Preston A.. 422 Walnut St., South Bethlehem, Pa. (41). A 
Langenbeck. Karl, 27 Orchard St., Zanesville, Ohio (89). C 
Leach. Miss Mary F., Mt. Holyoke College, Holyoke, Mass. (44). C 
Lewis, John E., Ansonia, Conn. (40). ABE 
Lord, Prof. H. C, Ohio State Univ., Columbus, Ohio (44). A 
Lowell, Percival. 53 State St., Boston, Mass. (36). A 
Lyford, Edwin F., Springfield, Mass. (33). B CH 
McClintock, Emory, Morristown, N. J. (43). 
Markley, Joseph L., Ph. D., 60 Thompson St, Ann Arbor, Mich. (40). 
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Moulton, Prof. Chas. W., Poughkeepsie, N. Y. (44). C 

Nardroff, Ernest R. von, 860» Tompkins Ave., Brooklyn, N. Y. (44). B 

Newcombe, Frederick Chas., 51 E. Liberty St., Ann Arbor, Mich. (43). O 

Noyes, Mi«8 Mary C, Ph. D., Lake Erie Seminary, Painesville, Ohio (48). 

Olds, Prof. George D., Amherst, Mass. (38). A 

Palache, Charles, Instr. in Min. and Petrog., Harv. Univ., Cambridge, Mass. 

(44). E 
Parsons, Prof. C. Lathrop, Durham, N. H. (41). 
Patterson, Geo. W., Jr., Ann Arbor, Mich. (44). 
Patton, Horace B , Golden, Col. (37). E 

Peale, Albert C, M. D., U. S. Geol. Survey, Washington. D. C. (36). E 
Perry, Arthur C, 226 Halsey St., Brooklyn, N. Y. (43). A B 
Pupin, Dr. M. I., Columbia College, New York, N. Y. (44). B 
Raymond, Prof. Wm. G., Rensselaer Polytechnic Inst, Troy, N. Y. (44). D 
Rotch, A. Lawrence, Readville, Mass. (89). 
Seymour, Paul Henry, care Walter W. Seymour, 7080 Stewart Ave., Chicago, 

111.(44). C 
Shaw, Professor James Byrnie, 1030 Grove St., Jacksonville, 111. (43). A 
Smith, Harlan I., Amer. Museum Nat. Hist., Central Park, New York, N. Y. 

(41). H 
Speyers, Clarence L., Rutgers College, New Brimswick, N. J. (86). C 
Squibb, Edward R., M. D., 162 Columbia Heights, Brooklyn, N. Y. (43). C 
Talbot, Henry P., Mass. Inst. Tech., Back Bay, Boston, Mass. (44). C 
Thurston, R. C. Ballard. Louisville, Ky. (36). E 
Trenholm, Hon. W. L., Pres. Amer. Surety Co., 160 Broadway, New York, 

N. Y. (36). 
Ward, Samuel B., M. D., Albany, N. Y. (29). P C A 
Whitfield, J. Edward, 406 Locust St., Philadelphia, Pa. (44). C 
Woodman, Dr. Durand, 80 Beaver St., New York, N. Y. (41). 

12. The Council nominates as Honorary Fellow Wolcott Gibbs, Professor 
Emeritus, Harvard University, of Newport, R. I. 

The Secretary was unanimously directed to cast the ballot of the Associa- 
tion for Professor Gibbs, and he was declared elected an Honorary Fellow. 

18. The CoDNCiL has appointed as Auditors for 1897 Emory J. McClin- 
TOCK and B. A. Gould. 

14. The NoMiNATiNO Committee recommends that the following be elected 
officers of the Association for the next meeting : — 

President. 

Wolcott Gibbs, of Newport, R. I. 

Yioe-Presideiits and Chairmen of Seotions. 

A. Mathematics and Astronomy. — W. W. Bbman, of Ann Arbor, Mich. 

B. Physics. — Carl Barus, of Providence, R. I. 

C. Chemistry. — W. P. Mason, of Troy, N. Y. 

. D. Mechanical Science and Engineering. — John Galbratth, of Toronto, 
Canada. 
E. Geology and Qeography. — I. C. White, of Morgantown, W. Va. 
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P. Zoolofly. — G. Brown Goode, of Washington, D. C. 

G. Botany. — George F. Atkinson, of Ithaca, N. Y. 

H. AnthropolofiT- — W J McGbb, of Washington, D. C. 

I. Social and Economic Science. — Rxohard T. Colburn, of Elizabeth, N. J. 

Permanent Secretary. 

F. W. Putnam, of Cambridge, Mass. [Holds over.] 

(General Secretary. 

Asaph Hall, Jr., of Ann Arbor, Mich. 

Secretary of the ConnciL 

D. S. Kbllicott, of Columbus, Ohio. 

Secretaries of the Sections. 

A. Mathematdoa and Astronomy. — Jamks McMahon, of Ithaca, N. Y. 

B. Physics. — Frederick Bbdell, of Ithaca, N. Y. 

C. Cliemistry. — P. C. Freer, of Ann Arbor, Mich. 

D. Mechanical Science and Engineering. — John J. Flathbr, of La Fay- 

ette, Ind. 

E. (Geology and (Geography. — C. H. Smtth, Jr., of Clinton, N. Y. 
P. Zoology. — C. C. Nutting, of Iowa City, Iowa. 

G. Botany. — F. C. Newcombe, of Ann Arbor, Mich. 
H. Anthropology. — Harlan I. Smith, of New York, N. Y. 
I. Social and Econoniic Science. — Archibald Blub, of Toronto, Can. 

Treasurer. 
R. S. Woodward, of New York, N. Y. 

15. The following amendments to the Constitution have been approved and 
recommended by the Council, to be voted upon at the next meeting : — 

To Article 9 add : " but all general officers shall serve until their successors 
are elected." 

To Article 20 add : " The Council shall have power to adjourn a meeting when 
it shall deem the reasons for so doing sufficient; and when such adjournment 
shall take place before the regular election of officers, those in office shall con- 
tinue to serve until such election occurs." 

That Article 22 be amended by changing the name of Section I from Social 
and Economic Science to Sociology. 

16. . The following additional amendments were proposed by Professor 
Woodward : — 

In Article 9, first and second lines, for " in General Session," read '* by the 
Council." 

In Article 17, line 6, strike out "nomination of," '*and election," and "in 
General Session." ^ 

In Article 19, line 8, for " nominate " read " elect" ; line 5, for " recommend " 
read " fix." 

In Article 20, line 3, for " Association " read " Council." 
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Alter Articles 34 and 35 to form one Article, reading as follows : " The 
annual assessment for members and Fellows shall be five dollars. On the 
election of any member as a Fellow, an additional fee of two dollars shall be 
paid. 

In Article 37, strike out the word " admission." 

The amendments proposed by Prof. Woodwakd were referred to the 
Council. 

17. Invitations for the meeting of 1897 have been received from Seattle, San 
Francisco, Indianapolis, Detroit, Denver, Minneapolis, Nashville, Columbus, 
and Toronto. 

The NoMiNATiNO Committee, having carefully considered all the conditions, 
recommends for adoption by the Association the following resolution : — 

Resolved: That the meeting for 1897 be only a formal meeting; that it be 
held in the city of Toronto on August 17 of that year, and that the Association 
join in welcoming the B. A. A. S. to the continent of America. 

After prolonged debate the following substitute was adopted : — 

Resolved : That the meeting of the Association for 1897 be held as usual, but 
that the time and place be left to the discretion of the Council. 

The Pbbmanknt Secretart was directed to return proper acknowledgments 
for the several invitations received. 

After announcements by the Local Secretary and Mr. Gilbert, the session 
adjourned. 

Evening Session; Friday, August 28. 

The final session of the Forty-fifth Meeting convened at 8.20 p. m. in the 
usual place, President Cope in the chair. 

The General Secretary having left the city, the Acting General Secretary, 
Asaph Hall, Jr., made the following announcements : — 

1. The Council has voted, upon recommendation of tlie Committee upon the 
Policy of the Association, — 

1. That the Permanent Secretary be instructed that in future the Proceed- 
ings of the Association shall be restricted to that part of the volume which 
would remain after eliminating (1) all papers read in sections and abstracts 
thereof, and (2) the list of deceased members except on their first announce- 
ment ; but shall include such reports of committees as may be specially directed 
by the Council ; also that, as far as possible, to each title shall be added where 
the paper is published in full. 

II. That the Permanent Secretary be empowered to make such arrange- 
ments for the programme of the next meeting as may be found expedient. 

IIL That the Sectional Committees should consider it as part of their 
duties to secure co-operation of scientific institutions and societies in their 
respective sections. 

2. The Council has approved the fallowing banks as depositories for the 
funds of the Association : Cambridge Savings Bank, Cambridge, Mass.; Insti- 
tution for Savings of Merchants' Clerks, Metropolitan Savings Bank, Emigrant 
Industrial Savings Bank, and the Fifth Avenue Bank, all of New York, N. Y. 

8. The Council has fixed the bond of the Treasurer at $100, with security 
to be approved by the President and Permanent Secretary. 

A. A. A. B. VOL. XLV. 17 
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i. The CouNOiL has selected Detroit as the place of the next meeting, begin 
ning on the second Monday in August The Association is to adjourn to 
Toronto for the purpose of joining in the welcome to the British Association 
for the Advancement of Science on Angust 18th. 

The PEBMAysNT Secretart then gave the statistics of the meeting, and 
some reminiscences of the preceding meetings in Buffalo. 

Mr. W. J. McGbb offered the following resolution of thanks to the various 
bodies concerned in the entertainment of the Association : — 

Whereas: This forty-fifth meeting of the A. A. A. S., and the fourth held in 
the beautiful city of the tliunder-speaking river, has been of pleasant savor and 
will long be of sweet memory ; and 

Whereas : The pleasure and success of this memorable meeting are due to 
g^d offices of various persons and institutions of Buffalo ; therefore 

Resolved: That the Association hereby express grateful appreciation to these 
large-hearted and broad-minded men and women, and to the institutions they 
have made, as follows : 

To His Honor Edgar B. Jewett, Mayor of Buffalo, and through him to the 
municipality and citizens, for a welcome to the hospitable gates of the city. 

To the Buffalo Society of Natural Sciences, its officers and members, and es- 
pecially to its President, Dr. Roswell Park, for initiating the movement for the 
meeting here, and for constant aid and numberless courtesies. 

To the Hon. Henry P. Emerson, Superintendent of Education, for the use of 
the commodious high school building as a place of meeting. 

To the Hon. T. Guilford Smith, President of the Buffalo Library Association 
for various courtesies, including the use of rooms in the Library building. 

To the Local Committee, including the special committees, and particularly to 
Mr. Dorr, the local secretary, for their tireless efforts to make our stop pleasant 
and profitable. 

To the Ladies' Reception Committee for many courtesies, and the special 
privilege of a visit to the attractive Twentieth Century Club. 

To the Buffalo Club for hospitality and good cheer ; and 

To all and several of the good people of Buffalo, for their kindness is sweet 
unto our hearts. May they accept our thanks as we treasure their courtesies. 

The resolutions were seconded warmly in brief addresses by Prof. Franklix 
C. Robinson, Prof. B. E. Emerson, and Rev. Horace C. Hoybt, and were 
passed unanimously. 

The Association then adjourned. 

Charlxs R. Barnbs, 

General Secretary, 
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For the fourth time the citizens of Buffalo welcomed the Association to their 
rapidly growing city. 883 members and associates were in attendance from 
the following places : Buffalo, 13, and other parts of New York, 92 ; Ohio, 31 ; 
Massachusetts, 29; District of Columbia, 23; Pennsylrania, 22; Indiana, 13; 
Iowa, 12; Michigan, 11 ; Connecticut, 8; Canada, 8; Minnesota, 8; Wisconsin, 
7 ; Illinois, 6 ; West Virginia, 4 ; Missouri, 4 ; Georgia, 3 ; Nebraska, 3 ; Louisi- 
ana, 8 ; New Hampshire, 8 ; Virginia, 8 ; Alabama, 3 ; South Carolina, 2 ; Ken- 
tucky, 2 ; Maine, 2 ; Utah, 2 ; Maryland, 2 ; North Carolina, 2 ; California, 2 
Kansas, 1; Missouri, 1 ; South Dakota, 1 ; Mississippi, 1 ; Tennessee, 1 ; Rou- 
mania, 1 ; Japan, 1. 

During the meeting there were given the Presidential Address, and the ad- 
dresses of eight Vice-Presidents. Public lectures complimentary to the citizens 
of Buffalo were given on two evenings of the week. 270 papers were pre- 
sented before the sections as follows :* A, 12 ; B, 32 ; C, 63 ; D, 18; E, 42 ; F, 
28; G,44; H, 83; 1,13. 

Several important changes in the Constitution were proposed (see Report ot 
General Secretary, pages 256, 267) to which the attention of members is espe- 
cially called. While many of these proposed changes are radical in their 
character, there is no doubt that some of them are progressive, and if adopted 
will lead to a change in the policy of the Association which may bring it more 
in touch with the scientific spirit of the times. It is important, however, that 
every member should carefully consider these propositions, which will be voted 
on at the meeting of 1897. Attention is also especially called to the vote of 
the Council (see Report of General Secretary, page 257) by which the present 
volume of Proceedings contains the titles only of the papers read before 
the Sections. Further changes in the character of future volumes have been 
suggested. 

In compliance with the request of Sections C and E, it was agreed by the 
Council that the general plan for the meeting of 1897 should be as follows. 
Each Section of the Association is authorized to unite with such affiliated soci- 
eties as deemed desirable, with the understanding that such united meetings 
shall not interfere with the General Session nor with the delivery of the presi- 
dential Address on the first day of the meeting, nor with the organization of the 
Sections and the Addresses of the Vice-Presidents. With tliese provisions, two 
days of the week may be given to the Affiliated Societies, and the remainder of 
the week to the Meetings of the Sections. The members of the Association 
may take part in the meetings of the affiliated societies, and the members of the 
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societies are invited to take part in the meetings of tlie Sections. Tlie object of 
this arrangement is to bring about a closer union and co-operation between the 
affiliated societies and the Association, and to concentrate the work of all within 
one week. 

During the recent Christmas holidays Section H held an informal meeting in 
Kew York, and a proposition will be made at the next meeting in relation to 
authorizing any section to hold a winter meeting at such time and place as its 
officers may designate ; such meetings to be managed entirely by the officers of 
the sections, and the Association as a body not to be in any way inroWed by 
any act of a section. It is thought that such meetings in the winter will have 
a tendency to concentrate the work of scientists in the several departments 
and to do away with the organization of special societies which have already 
become so numerous as to divert the labors of scientists into various channels, 
whereas unity, it is thought, would better accomplish their aims. 

The plan of issuing a general programme for each section some time before 
each meeting of the Association, which was inaugurated for the Buffalo Meet- 
ing, has so many advantnges that it was decided to continue the plan. The 
Council therefore authorized the Permanent Secretary to make such arrange- 
ments for the programmes as may be found expedient. The vote requesting and 
authorizing the Sectional Committees to prepare preliminary programmes for 
the coming meeting continues in force, and the Permanent Secretary earnestly 
requests the several committees to begin tliis work at once. The full prelimi- 
nary programme for the week, including the programme of such affiliated 
societies as will unite with the respective sections, should be issued by the 
middle of June. Delay on the part of the sectional committees in preparing 
the copy for the preliminary programmes for the Buffiilo Meeting prevented 
the plan from acting with full force at that meeting ; but now that the first step 
has been taken, it will be comparatively easy for the committees to accomplish 
the work tliis year. 

All signs point to a successful meeting in Detroit, with a large gathering of 
members who will afterward be cordially received in Toronto, where they will 
join in welcoming the members of the British Association to America. 

A most cordial invitation was again received by the Association from San 
Francisco to hold its next meeting in that city. Careful consideration was 
given to this matter by the Council and the Nominating Committee, but owing 
to the fact that tlie British Association is to meet in Toronto in 1897, it was 
considered undesirable for the American Association to hold a meeting so far 
away as the Pacific Coast. It is believed that an interchange of courtesies 
between the two associations is highly desirable, and would be expected on the 
part of each. For this reason the Council was empowered to designate the 
time and place of the meeting of 1897. At the closing session, the Council an- 
nounced that it had voted to accept the invitation from Detroit, and that tlie 
forty-sixth meeting of the Association would be held in that city, beginning 
with the Council meeting on Saturday, August 7, and the opening General 
Session on Monday morning, August 9. It was also decided that at the close of 
the week the Association should adjourn to Toronto for the purpose of joining 
in the welcome to the British Association on August 18. 

Invitations to hold the meetings of '97 and '98 were also received from 
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Indianapolis, Nashville, Columbus, St Paul and Minneapolis, Denver, and 
Seattle. Owing to the reasons above stated, the thanks of the Association were 
voted to the several institutions and public bodies joining in these invitations, 
and the hope was expressed that they might be renewed in future years. 

Of the 110 members elected since the Springfield Meeting and during the 
Buffalo Meeting, 2 have declined membership, 71 have perfected their member- 
ship, M have 6 who were elected at the Springfield Meeting, and 1 who was 
elected at the Brooklyn Meeting; 18 have paid their arrears and these have 
been restored to the roll ; 1 more founder of the Association has been added to 
the list of fellows as a life fellow ; 1 honorary fellow has been elected ; making 
97 names added to the roll since the Springfield volume was published. 

From the Springfield list 24 names (including 3 founders of the Association, 
1 honorary fellow, and 1 life fellow) have been transferred to the list of deceased 
members ; 87 members and fellows have resigned ; and 147 have been omitted 
for arrearages ; making a deduction of 208 from the list. 

67 members have been transferred to the roll of fellows (two of these are 
founders of the Association who were made life fellows). 

The following is a comparative statement of the roll as printed in the Brook- 
lyn and Springfield volumes, and in the present volume : — 

Brooklyn. Springfield. Bufialo. 

Living patrons 2 2 2 

Corresponding members . . 2 1 1 

Members 1042 1115 991 

Living honorary fellows . . 1 8 3 

Fellows 766 792 806 

1802 1913 1802 
Honorary life members (founders) 

included in above 8 8 6 

The distribution of publications since the last report is as follows : — 

Memoir No. 1 : exchange, 1 copy. 

Proceedings : Vols. 1-48 : delivered to members, 271 ; sold, 13 ; exchanges, 93 ; 
duplicate copy to member, 1 ; presented, 8 ; = 881. 

Bought, 2 ; received as donation, 2 ; = 4. 

Vol. 44: delivered to members, 1376; to subscribers, 4; sold, 26; exchanges, 
247 ; presented, 4 ; = 1657. 

Subscription has been received for 1 copy of Vol. 46. 

The following statements by the Treasurer and Permanent Secretary show 
the condition of the invested funds, and the receipts and expenditures. It will 
be noticed that the cash account of the Permanent Secretary, in accordance 
with the new arrangement of closing the year on December 31, covers the 
period from August 1 to the end of the year 1895, including the Springfield 
Meeting. Thus the Report for the year 1896, including the Buffalo Meeting, 
will be presented at the Detroit Meeting and will be printed in the next 
volume. 

The year 1898 will bring the fiftieth anniversary of the Association. At a 
meeting of the Association of Geologists and Naturalists held in Boston in 1847 
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it was TOted to extend the scope of the Association and to reorganize under the 
name of the American Association for the Advancement of Science, the first 
meeting of the new association^ to be lield in Philadelphia in 1848. This meet- 
ing was duly held, and Professor William B. Rogers presided as President of 
the Association of Geologists and Naturalists until the Constitution of the new 
association was adopted, when he resigned the chair to Professor W. C. Redfleld, 
the President-elect of the new association. Thus Boston and Philadelphia each 
have a special claim to the Jubilee Meeting of the Association. It is certainly 
befitting that special arrangements should be made for this occasion ; and we 
have a right to expect that a large number of scientists from abroad would join 
in celebrating the semi-centennial anniversary of an Association which has 
beyond all question done its full part in giving " a stronger and more general 
impulse and more systematic direction to scientific research " in America. 

F. W. Putnam, 

Permanent Secretary. 
December 81, 1896. 



REPORT OF THE TREASURER. 



In compliance with article 16 of the. Constitution, I have the honor to submit 
the following report showing receipts, disbursements, and disposition of funds 
of the Association for the year ending June 80, 1806. 

Receipts have come into the keeping of the Treasurer from three different 
sources, namely: first, from life membersliip commutations; secondly, fh>m 
subscriptions to the General Fund of the Association ; and, thirdly, from inter- 
est on funds of the Association deposited in savings banks. The amount 
received from life membership commutations was 9300.00 ; the amount received 
from subscriptions to the General Fund was $302.00 ; and the amount received 
as interest was $199.39; making a total of receipts for the year of $801.39. 

Disbursements, in accordance with the directions of tlie Council of the Associ- 
ation, were made as follows : grants for research for the year 1894-96, $400.00; 
grants for research for the year 1896-96, $200.00; and grant to the journal 
Science, $750.00; making a total of disbursements for the year of $1,360.00. 

The excess of expenditures over receipts was, therefore, $648.61. 

The details of receipts, disbursements, and disposition of funds are shown in 
the statement which follows. 
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Thb Trbasubbr in Acgoukt with 
The Ambricak Associatiok for thb Advakcembnt of Science. 

Dr. 
1896. 

June 80. To balance from last accoant 16,082.12 

To amount received from life membership commutations 800.00 

To amount received from subscriptions to General Fund 802.00 

To interest on funds deposited in savings banks as follows : 
From Cambridge Savings Bank, Cambridge, Mass. f 10.42 
From Emigrant Industrial Bank, New York . . . 43.68 
From Institution for Savings of Merchants' Clerks, 

New York 80.80 

From Metropolitan Savings Bank, New York . . 64.64 

199.89 

Total $6,738.61 

Cr. 

Sept 16, 1895. By cash paid Professor F. W. Putnam for research 

grants of the year 1894-96 $400.00 

Sept. 26, 1896. By cash paid Professor H. C. Bumpus as grant to 

Wood's HoU Biological Laboratory 100.00 

Not. 12, 1896. By cash paid J. McE. Cattell, Editor of the journal 

Sgibkob 760.00 

Dec. 6, 1896. By cash paid Professor Wm. A. Rogers as grant for 

research 100.00 

June SO, 1896. By cash on deposit in banks as follows : 

In Cambridge Savings Bank, Cambridge, 

Mass $800.34 

In Emigrant Industrial Savings Bank, 

New York 1,818.63 

In Institution for the Savings of Mer- 
chants' Clerks, New York 2,080.80 

In Metropolitan Savings Bank, New York 1,664.64 
In The Fifth Avenue Bank, New York 18.20 

6,383.61 

Total $6,738.61 

R. S. Woodward, Treasurer. 
New York, N. Y., June 80, 1896. 



I have examined the foregoing account, and certify that it is correctly cast 
and properly vouched. 

ExoRr McCliktook, Auditor, 
New York, August 20, 1896. 
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F. W. PUTNAM, 
In Account with the Ambricait 

From August Ist 



Dr. 

To Balance from last account ^27 24 

Admission fees, Springfield Meeting and previous . $566 00 

Associate Members, Springfield Meeting 96 00 

Fellowship fees 88 00 

678 Assessments, Springfield Meeting 2,084 00 

400 " Brooklyn Meeting 1,200 00 

60 *' ■ Meetings previous to Brooklyn . . 180 00 

13 " for Buffalo Meeting 89 00 

Publications sold and binding 

Miscellaneous receipts 

Life Membership commutation 




Cambridge, 1896, May 9. 



$4,348 83 
I have examined this account, and 
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PERMANENT SECRETARY, 

Association for thb Advancement of Science. 

to December SUt, 1895. 



Cr. 



By PuUiccLtion: — 

On account of printing 2600 copies of Proceedings, 

Vol. 44, composition, presswork, and paper . . $1,821 31 

Illustrations 80 81 

Extra copies, addresses and reports from tlie Vol. . 62 65 

Illustrations for Vol. 48 10 99 

Back volumes of Proceedings bound 66 39 

purchased .... 43 76 

By Expenses of Springfield Meeting : — 

General expenses 223 64 

Printing 600 copies Constitution, List of Members, etc. 72 60 

Section C 69 26 

D 4 60 

F 86 

I 19 80 

By General Office Expenses : — 

Bent of office, 6 months to Dec. 31, 1895 .... 64 00 

Printing circulars, cards, etc 64 76 

Type writing 10 00 

Petty expenses 2 98 

Express 67 91 

Postage and Post Office box 161 61 

Telegrams 2 83 

By Salaries: — 

Permanent Secretary to Dec. 31, 1895 620 88 

Assistant " " '* 300 00 

Janitor 41 67 

By addition to Research Fund, Life Member's Commu- 
tation, transferred to Treasurer 

By balance to new account 



f 1,533 30 



390 64 



833 93 



862 60 

60 00 
1,178 46 

$4,348 83 



certify that it is correctly cast, and properly vouched for. 

B. A. Gould, Auditor. 
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